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ABSTRACT

A test program was conducted in Thailand in 1964 and 1965 to determine
the effectiveness of aerial applications of Purple, Orange, and other candi-
date chemical agents in defoliation of upland jungle vegetation representa-
tive of Southeast Asia on duplicate 10-acre plots. Aerial spray treatments
were applied at rates of 0.5 to 3.0 gallons per acre on two test sites
representing tropical dry evergreen forest and secondary forest and shrub
vegetation. Applications were repeated in alternate 2- to 3-month periods
to determine minimal effective rates and proper season of applicatiom.

Dafoliation affectiveness was evaluated by (1) visual ercimates of over-
all vegetation and individual species defoliation, ({i) measurememts of
changes in canopy obscuration by a vertical photography technique, and
(111) measuremunts of changes in horizontal visibility of a human-sized

target at various ranges.

Data provided by these techniques were used in comparative evaluation
of defoliant chemicals in relation to rate, volume, season of application,
canopy penetration, and vegetation response.
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DIGEST

This report presents the results of a test program to determine the
effectiveness of Purple, Orange, and other caandidate chemical agents in
defoliation of upland forest or jungle vegetation representative of South-
east Asia. The program was conducted in Southwest Thailand bv personnel
from the U.S. Army Biological Center in collaboration with the ARPA Research .
and Development Field Unit in Thailard and the Military Research and Devalop-
ment Center of Thailand.

Aerial spray treatments were applied on two test sites representing a
tropical dry evergreen forest, and secondary forest and shrub vegetation
during the period 2 April 1964 to 4 June 1965. Spray applications were
made with a Beechcraft Ten-Two (modified C-45) aircraft equipped with a
180~gallon tank, air-driven pump, and underwing boom system with diaphragm
jet nozzles. Spray deposit volumes, swath pattern, and droplet sises were
obtained for each chemical mixture in the treatment series at s calibration
grid near the test sites. :

. Applications of Purple, Orange, and Pink at rates of 0.5 to 3.0 gal/acre
were made in alternate 2- to 3-month periods to determine minimal effective
rates and proper sesgon of application. Cacodylic acid and other desiccants
and herbicides were evaluated in dry season and rainy season applications.
Treatments were made on duplicate 10-acre plots, approximately 300 by 1500
feet,

Evaluations of defoliation response were made at weekly and monthly
intervals by: (i) visual estimates of over-sll vegetation and individual
species defoliation, (1i) msasurements of changes in canopy obscuration
by a vertical photography technique, and (11i) measurement of changes in
horiszontal visibility of a human-sized target at distances of 10, 15, and
20 meters. Effective defoliation vas considered to include ratings of 60%
or more as evaluated by the visual estimate and vertical photographic
techniques. In the evaluation program emphasis was given to determination
of the periods of maximum and effective defoliation and the degree of
defoliation response in relstion to chemicals and dosage rates applied.

Results of the test program showed that:

1) Purple, Oringo, Pink, Dinoxol, spd Tordon were effective for
long-term defoliationm.

2) Cacodylic acid and diquat were effective desiccants for rapid,
short-term defoliation. Maximum dafoliation occurred 2 to & weeks after
treatment.

3) Dicamba gave marginal but generally ineffective defoliatiom.
Merphes or Polex, Endothall, tributyl phosphate, butyne diol, and amitrole
vere ineffective in defoliatiom.

i L) -
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4) Purple and Orange wers essentially equivalent in all respects.
Pink was equal to Purple or Orange at slightly lower application rates.

5) Minimum effective rate of Purple and Orange iu derse forest
vegetation with multiple canopy was 2.0 gal/acre (15 lb/acre acid equiva~
lent) applied during the rainy or growing season. Applications made at
this rate vere effective for 4 to 6 months after treatment,

. 6) Minimum effective defoliation with Purple and Orange was
obtained with rainy season applications of 1.5 gal/acre in forest and .
secondary shrub vegetation of light to moderate Gensity and with a single
canopy.

7) More complete defoliation and a longer duration of effective
defoliation response was obtained in all vegetation types with applications .
of Purple and Orange at higher rates of applicntion_(z.s to 3.0 gal/acre).

8) Pink gave effective defoliatfon at slightly lower rates than
Purple or Orange. Minimum effective dosage of Pink appeared to be 1.0 to
1.25 gal/acre (8 to 10 lb/acre acid equivalent) in rainy season applications.
Applications at 2.0 gal/acre gave effective defoliation for 8 to 9 months.

" 9) Cacodylic acid or sodium cacodylate applied in water solutions
at rates of 5 to 6 lb/acre gave effective desiccation and defolfation of -
undisturbed forest and secondary forest and shrub vegetntion ir both rainy-
and dry-=season applications.

10) Diquat was equivalent to cacodylic acid in defolistion response
at rates of 3 to 5 1b/acre. Diquat was effective only in growing-season
applications.

11) Limited tests indicated that Tordon applied singly or in mixtures
with 2,4-D, diquat, and Orange was highly effective on a per-pound basis
but gave generally slower defoliation response than Purple or Orange.

12) The defoliation responses to aerial applications of Purple,
Orange and other similar chemicals were influenced more by rate than by
volume of spray solution applied. Applications of 1.0 to 1.5 gallons
per acre of Purple, Orange and Pink as pure chemical gave similar defolia-
tion responses to applications of the same amount of chemical diluted with
one or more volumes of diesel fusl.

13) Minimum application volumes commensurate with good spray deposits
proved to be about 1.5 gallons per acre for oil-soluble chemicals (Purple,
Pink, Orange), and 2.5 to 3.0 gsllons per acre for water-soluble compounds
(cacodylic acid, diquat, Tordom). .

14) Good penetration of sprays, and therefors, most effective
defoliation responses were obtained more readily on shrubby secondary
forest than in a dense, undisturbed forest with multiple canopy.

)
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15) Optimum droplet sizes for rapid fallout and best penetration
proved to be in the vange of 275 to 350 microns MMD.

16) Responses to all systemic herbicides, such as Pink, Purple,
Orange, Tordon, and Dinuxol were much better during the rainy season with
its generally favorable soil moisture and growing conditions than during
the dry season.

17) Some combinations of herbicides were found to have very promis-

ing prospects, but need more extensive evaluation in the future. The best

combinations were 2.3 pounds of Tordon plus 5.3 pounds of 2,4-D and 1.2
pounds of Tordonm plus 2.5 pounds of diquat, These mixtures were efiective
at rates of 1 to 3 pounds of Tordon per acre with the associated compound
in proportion.

18) Maximum defoliation responses of 85 to 95% wers recorded, but
complete defoliation of all species was not obtained in any plot.

19) Visual estimates and measurements of canopy obacuration from
vertical photographs gave closely compsrable evaluations of defoliation
effectiveness, Horizontal visibility measurements gave lower values for
defoliation than visual estimates or canopy obscuration measurements.

Changes in horizontal visibility due to chemical treatment reflected defolia-
tion sustained by the shrub understory,

On the basis of evaluations completed in August 1965, the following
recommendations wvere made: :

1) Yor fast, short-term defoliation inAlight to moderate vegetation
cover 5 to 6 lb/acre of cacodylic acid (7.7 to 9.2 1lb/acre of Blue containing
65% active ingredient) sheuld be spplied in 2.5 to 3.0 gal/acre of spray.

In dense forest vith multiple canopy, applications of cacodylic
acid at 5 to 6 lb/acra may be repeated 2 to 4 weeks after initial treatment
to insure penetration to lower vegetation level and to extend the period of

defoliaticn.

Maximum effect is obtained 2 to 4 weeks after application.
Treatment may be made during rainy and dry seasoms.

2) Yor effective defoliation and moderate duration of effect (3 to 4
months) Purple or Orange should be applied during the rainy or growing season
at the rate of 1.5 to 2,0 gal/acre in vegetation with light to woderats cover
and single canopy and st 2.0 to 2.5 gal/acre in dense forest with multiple
canopy. ’

- Maximum defoliation occurs 2 or 3 months after applicationm.




In dense vegetation, repeat application 2 months following
initial treatment may be needed for effective defoliation in underctory
. vegetation and for extended defoliation effect.

3) For maiimum defoliation and duration (6 months or more), Furple
or Orange should be applied during the growing season at rates of 2.5 to 3.0
gal/acre, of undiluted chemical.

Heavier rates are required during the dry season for comparable
defoliation response.
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L. _INTRODUCTION

The defoliation of native vegetation by application of chemical defoli-
ant agents offers a valuable tool in military tactics, particularly in
counterinsurgency operations. Defoliation with the interim agent Purple
has been successfully conducted on an operational basis {n the Republic
of Viet Nam (RVN) to reduce the incidence of ambush along principal routes
of travel. Defoliation operations have been particularly effective in the
mangrove vegetation along canals and the drainage systems in the RVN.}*?
Other applications have been made in upland fornt vegetation or jungle
at several locations.

This report presents the results of an extensive test program con=-
ducted in Thailand to determine the effectiveness of Purple and other
candidate chemical agents* in defoliation of upland forest or jungle
vegetation representative of Southeast Asia. The program was conducted
by personnel from the U.S. Army Biological Laboratoriest** at Fort Detrick,
Maryland, at tha request of the Advanced Research Projects Agency (ARPA)
of the Department of Defense under Directive Order 423, 30 January 1963.

Military interest in the use of chemicals for defoliation of tropical
and temperate vegetation was expressed as early as 1945. Since this
period, a substantial body of information on chemical defolifation has
been assembled by the U.S. Army Biological Laboratories through green-
house and exploratory fleld tests.® The first extensive aerial applica-
tions of chemicals for military dofolintion of forest vegetation were
conducted at Camp Drum, New York in 1959.* They demonstrated the effec-
tiveness of a mixture of undiluted butyl esters of 2,4-D and 2,4,5-T
applied at approximately 0.75 gal/acre in the dcfolution of a mixed
deciduous and conifer forest. These tests served as a basis for the
recommendations of Purple for operational tests in the RVN sponsored
by ARPA.

In 1961 and 1962, Dr. James W. Brown of Crops Division of the U.S.
Army Biological Center conducted aserial and ground spray tests with
Purple nnd several cther chemicals in the RVN area under eponsorship
of ARPA."*®+*7 Evaluations of the early operational tests of Purple
led to a preliminary recomended application rate considared to be
more than adequate to produce the des’red results.?

The need for additional information on effective defuliation and
the limitations on an adequate test program imposed by gusrrilla warfare
conditions in RVN led to ;hc development of the present program in

* Chemical names of Purple 2nd other defoliants used in the program are
gilven in Seaction II.

** The name of these Laboratories was changed to U.S.- Army Biological
Center early in 1966,
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Thailand under a similar climate and with sim!lar vegetation. Prior to

the development of a test plan, joint discussions were held by ARPA and

U.S. Army Biological Center representatives with persomnel from the Crope

Protection Research Branch of the Agricultural Research Service of U.S. .
" Department of Agriculture in the selection of suitable chemicals and

criteria for their inclusion in the proposed program. A test plan and

research project outline were developed in March 1963 outlining a two-

year program to be conducted by personnel from .S, Army Biological

Laboratories.®*®

T ST AN

The program was initiated in April 1963 {n collaboration with the
Military Research and Development Center of Thailand (MRDC), then known
as Combat Development and Test Center (CDIC), and its United States com-
ponent, the ARPA Research and Development Field Unit-Thailand (R&DYU-T).
The defoliation test program has functioned in the ARPA RADFU-T under the
administrative guidance of the Program Manager for Envirommental Research,
Lisutenant Colonel W.R. Scheibie, and under the technical direction of the
U.S8. Army Biological Centsr project leader. Close cooperation and guidance
in relations with Thai military and government officials in the initiation
and execution of the project were given by the Commanding Generals of MRIC,
General Sinchai Menasuta and Air Vice Marshal Manod Suriya; and by the Thai
Project Officers assigned to the defoliation test program, Colonal Niyom
Surat-Bhibit, Royal Thai Army, and CAptain Sonchai Chanhiran, Roysl That

Navy.

After general discussions on the organization and requirements for
the project with officials of the MRDC and general reconnaissance of
possible test locations, arrangements were made for the initial phases
- of the test prograa to be conducted at the Replacemsent Training Center
of the Royal Thai Army near Pranburi, scuthwest of Bangkok. Fimal approval
and authorisatien for the project by Thai governmental and military suthori-
ties was obtainpd in August 1963,

L

Test site preparations involving the survey and clearing of access
lanes wers initisted in August 1963. In late December 1963, a twin-engine
Beechcraft airplane equipped with a spray distribution system was made
available to ARPA R&DFU-T for primary use in the defoliation test progras
under ARPA Order 483. Calibrations of the airplane spray equipmant and
test site preparation: were continued until April 1964 when the test
applications were initiated. Fiesld operation Readquarters were located
at Hua Hin abeut 21 miles (35 Im) from the test sites.  An aircraft
maintenance shop and loading and storage facilities fer chemicals were
provided at the Hua Hin Airport. Technical supervision of the test pro- d
‘gram vas given by military and civilian persomnel on & temporary duty
(TDY) basis from the U.S. Army uologtcal Center.*

|
i

'# Persennsl participating in these trisls are listed in Appendix 7.

I
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Under a revised test program on 1 November 1964, primary emphssis was
given to determine minimal effective rates of Purple and its operational
replacement, Orange. Secondary comsideration was given to the evaluation
of other defoliants. Under this test plan, treatments wers limited to a
single test locatiom. ‘

This interim report pir.asents the evaluation data and tentative recom-
mendations based on assess: :nts made through September 1965 on test appli-
cations completed in June 19565, An additional report will be published in
September 1966 to include fur:her svaluations of the long-term affects
through June 1966.
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11, _OBJECTIVES AND GENERAL SCOPK

Ae stated {n the directive (ARPA Order 423 dated 30 January 1963), the
objective of the test program was "to test snd evaluate on site the activity
of various phytotoxic chemicals on vegetation indigenous to Southeast Asia,
Thailand has been selected as a representative location." Testing of 2,4-D
and 2,4,5-T phenoxyacetic acid derivatives and cncodyuc acid vas rcquutcd
as vcn as other phytotoxic chemicals.

Criteria or specifications for ulcetion of phytotoxic chemicals to
be included in the test program were developed in joint discussions by
personnel from the U.S. Army Biological Center and the U.S. Department
of Agriculture.

Objectives of the program as formulated in the ifuitial test plan and
research project outline of 22 March and 27 March 1963 were:

1) To determine minimal rates and volumes of Purple and component
2,4,5-T butyl esters (Pink) applied at different seasons of the year for
cffccttvn defoliation and control of representative vegetation of South-
u.: Asia, and

2) To evaluate the effactiveness of other salected defoliants,
desiccants, and herbicides ‘applied singly or in combination mixtures at
different seasons of the year on representative vegetation of Southeast
Asia. .

The initial test plan envisaged a series of aserisl test applications
of Purple, Pink, and ether selected chemicals in two to four vegetation
types representative of Southeast Asia, including evergreen forest, bamboo,
and mangrove. A basic requirement was to securs information on minimal
rates and volumes of application for effective dafoliation by Purple.

After it ectien of possible test lecations and review of test plan
objectives w “ficials of MRDC, the test program was initiated at a
single lecat che Replacemsnt Training Center ¢f the Royal Thai Army
near Pranbur: 4odification of the number of test applications was made
to conform tc .e area available at this lecatien. ,

Review of test plan objectives and scope was undertaken after two
series of test a rxuattm and a revised test plan was prepared on
1 Nevember 1964, Under this revised test program the general scope
was modified to provide for comparative evaluations of Purple, Pink, and
Orange, designated as an operational replacement for Purple, The test
schedule called for compariscns of Purple applied at 1, 2, and 3 gal/acre
and of Pink and Orange at 1 and 2 gal/acre in altermste twe-month periods
for the remainder of the pregram termimating in June 1965..
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Tests of other chemicals vere to be conducted in alternate periods,
utilizing supplies of chemicals on hand.

Cormon and chemical names of the herbicides, defolfants, and
desiccants used in the test program are shown in Table 1. Additional
data on characteristics and cost of these chemicals are shown in
Appendix A.

TABLE 1. HERBICIDES, DEPOLIANTS, AND DESICCANTS INCLUDED
IN THE DEFOLIATION TEST PROGRAM

Code or
Trade Nams . Compound

Purple Mizture comsisting of
50% n-butyl ester of 2,h-dichlorophemaxyscetic seid
30% a-butyl ester of 2,4,3<trichlorophemozyscetic seid
20% {eo-butyl ester of 2,4,5-trichlorophencxyseetis seid

Orenge ' Mixture comsisting of
S0% n~butyl ester of 2,4-dichlorophencxyscetis seid
S0 a~butyl ester of 2,4,3-trichlorophencxyscetic ssid

PMak Mixture gomsisting of
60% a-butyl ester
40 {so-butyl ester of 2,4,5-trichlorephencuyssstic acid

Dimozol Coumsreisl formulatica ecomsisting of
31.4% dutoxy ethamel ester of z,&-aaxwu said

30.3% butoxy ethamol eater of 2,A,3-trichlorophencxyseetic setid

Tordon Commercial fermslatiom eomsisting of
Plclovam ov d-emine-),S,é-trichloropicelinic seid, as the
. potaseiwm u}t
DEPOLIANTS AMD DESICCANTS

Diquac 111'Sthylene~2:2"'¢1pyridyliwm eation
Butyns Diel 2-Dutyna-1,4-diol
Marphos Tridetyl phespherotrithieite
Yol Tridutyl phespheretrithioite .
Eadethall sstd 3,6-Bndmchanshydrephthalic seid °
Badethall sslt Dlisediwwr), b ~endanchanshydrophthalis asid
Tribatyl pheophate Tridutyl phesphate
Andtrole -daine~1,2,4-triasels
Casedylis seid Pimethyl sreiais ssid
Sedium encedylate Sediwm salt of dimethyl arsiais asid
Diessbs 2-iathexy-3,é-dichlovcbannoie osstd
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IIL. TEST LOCATION AND OPERATIONAL FACILITIES

The defoliation test program was conducted on lands of the Replacement
Training Center of the Royal Thai Army (Khai Thanarat) southwest of Hua Hin
in northern Prachuab Khiri Khan Province on the Kra Peninsula. The two
test sites were located at a latitude of 12 degrees 20 minutes north, and
a longitude of 99 degrees 50 minutes east, approximately 21 miles (35 km)
from Hua Hin,

A. GENERAL CLIMATE AND VEGETATION OF TEST LOCATION

The test location is characterized by a tropical monsoon climate and a
dry semi-evergreen forest similar to the climate and vegetation of much of
the RVN and adjacent portions of Southeast Asia.

Climatic records from Hua Hin near the test location show the area to
have a marked seasonal contrast in pracipitation.}’ The rainy season starts
in May and ends in December with maximm precipitation occurring in September.
The dry season extends from December until early May and includes both the
coolest month (Decembar) and the hottest month (April). Temperatures in
the Kra Peninsula at the test location are relatively uniform throughout
the year because of low altitude and proximity to the Gulf of Siam. Mean
daily maximum temperatures at Hua Hin range from 91 ¥ in April to 85 F in
December; minimum temperatures are from 75 to 70 P in April and December.}?

The relatively low annual precipitation at Hue Hin of about 40 inches
1s caused, in part, by the interception of southwest monsoon moisture by
the Tennassarim Mountains to the west along the Thailand-Burma border.

The general vegetation at the test locstion is a dry evergreen forest
characteristic of the foothills of the Tennasserim Range in the provinces
of Ratburi, Petchburi, and Prachuab Khiri Khan.}?® This type of forest
occurs on the coastal peneplain and in the valleys of the foothill ranges
in & precipitation sone of 40 to 80 inches. The forest cover is somewhat
lower in stature and includes a greater proportion of Asciduous treses than
the tropical evergreen forest that attains maximum development on the Kra
Peninsula south. of Prachuab Xhiri Khan and in southeast Thailand.

8. mstm AND VEGETATION OF THE TEST SITES

Two areas herein called Test Sites I and II were delineated by the
Commnding Officer of the Royal Thai Army Replacement Training Center for
aerial applications of chemicals in the test program. Total treatmant
areas of 1400 acre (3500 rai) and 2000 acres (5000 rai) were allocated
for Tast Sites I and II, respectively. Maps of the test sites ohw:l.ng
individual trestment plots are shown in Figures 1 and 2.
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1. Test Site I

Test Site I was located west of the Pranburi River im a valley
bordered on the west and partially on the east by low mountainous ridges
that varied from 300 to 1500 feet in height. The test area was more than
one mile wide near the southern end and narrowed at the north end where
the two ridges are closer together. The area was approximately 3 miles
long, north to south.

The forest cover of this site was intermediate betwcen evergreen
rainforest and deciduous monsoon forest and many species characteristic
of each type were found in the test area. The dominant species, however,
vere mostly the deciducus types of the monsoon forest, and the site has
been classified as dry, semi-evergreen forest by Professor Tem Smitinand,
Curator of the Forest Herbarium, Forest Products Research Division, Thati
Royal Forest Department. 1e

The forest in this area was divided roughly into three layers or
strata. The overstory or dominant canopy consists of rather scattered
very large deciduous trees. Species in this upper level included:
Mansonia gagei, Diospyros coaetanae, Lagerstroemia floribumnda, L. loudonii,
Millettis leu-antha, Spondias mangifera, and Manilkara hexandra.

The intermediate layer, mostly of broad-lecaved asvergreen species,
ranged from 30 to perhaps 75 or 80 feet in height. Species include
principally Streblus zeylanica, Cleistanthus dasyphyllas, Celtis collinsae,

Atalantia spinosa, Diospyros cauliflora, Euphorbia trigona, and Memecylom

ovatum,

The understory of small trees and shrubs included Grewia sp.,
Hitreghorn sp. and Mitragyna sp., along with smaller specimens of thorny
“Streblus zeylanica that form dense thickets in places.

2, Test Site II

Test Site II was located east of the Pranburi River and off the
access road from the headquarters of the Replacement Training Center to
the artillery ranges. The terrain at this site was mostly level with a
few scattered hills. -

Most of the area consisted of secondary growth of shrubby upland
forest with a few remments of the original forest of broad-leaved ever~
green and deciduous trees. Principal trees in the dominant or upper
canopy included: Lagerstroemia floribunds, Dialium indum, and Diospyros
coaetanss., Bamboo, Bambusa arundinacea, was dominant in a portion of
the secondary forest, together with Memecylon ovatum, Streblus zeylanica,

Hydnocarpus {licifolius, and Vitex quinata,
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' Approximately 220 plant species have been identified from the two
test sites.

That the vegetation in the test areas was similar to that of the
RVN is shown by the following partial list of trees and plants found in
both places.}®

TREES
Man{i lkara hexandra Ficus callosa
Diospyros mollis zicu geniculata
Memecylon floribundum Bomb insigne
Streblus asper Tamrindul indica
Ficus hispida Albizzia gzgioghxlun
Ficus altissima lggaru micrantha.

LARGE GRASSES

Bambusa arundinacea + other bamboos
Saccharum spontaneum

SHRUBS AND VINES

Passiflora foetida
Eupatorium odoratum

A partial list of genera of trees and shrubs common to the RVM
and the test location includes:

Dialium ~ Hydnocarpus Grewis

Lagerstroemia Niebuhria Mitrephora

Millettis Sindora Atalantis

Spondias Streblus Bauhinja

Diospyros Vitex aesalpinia .
Euphorbia

C. OPERATIOWAL FACILITIES

Field operation headquarters were established in Hua Hin, about 21 miles
(35 km) from the test sites. Hua Hin is 132 mi{les (212 km) southwest of
Bangkok and accessible by paved road, railroad, and airplane. A residence
compound wvas leased for office and laboratory facilities as well as lodging
accommodatione for resident technical persomnel.

cn e Ly gp T BT L e e

Leased vehicles and drivers were provided for travel to the test sites,
airport, and for other operational requirements.
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Aircraft operation and maintenance facilitias were made available at
the Hua Hin Afrport located four miles (6 km) north of Hua Hin., Use of
the airport and facilities for storage, mixing, and loading of chemicals
were provided through the cooperation of the Thai Civil Aviation Depart-
ment, the Ministry of Communications. A small warehouse for equipwent
storage was shared jointly rith the International Civil Air Training
Organization of the Thai Ministry of Communications that operated a flying
school at the airport. An additional shed for storage of chemicals and
loading equipment was provided by the Thai Border Polfice. Air America,
Inc., contractors for tha leased spray plane, comstructed a storage build-
ing for aircraft maintenance, tools, and parts.

Airport authorities allotted a gravelled parking aresa for the spray
plane and adjoining space for storage of drums of chemical, diesel fuel,
aviation gasoline, and sircraft engine oil. Project persounel comstructed
a wooden platform near the tool shed and parking remp for mixing operations
and chemical storage.

Pacilities at the airport included two gravel rumways sad a control
tower with s two-way radio commmication during daylight hours. The
north-south runway was available to and operable by the spray plane
throughout the entire period of calibration and test avplications.

T SN
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XY, _IEST SITE PREPARATION

After approval of the test program and test site locations by Thai .
military authorities in August 1963, surveys and preparations were made
for delineation of treatment plots. A basic treatment plot size of 300
by 1500 feet was selected for application of three 100~-ft swaths on a
10-acre area. Treatmant plots were separated by buffer sonss 100 by
1500 ft as shown in PFigure 3.

A. ACCESS LANES

Parallel access lanes were cleared at 1500-ft intervals deli: ~ating
the ends of contiguous treatment plots and buffer zones. Lanes were
cleared by groups of Thai laborers using machete-type wood axes (“meads”).
The first three lanes on Test Site I were cleared to a width of 20 feet
(rigure 4), requiring removal of trees up to 40 or 60 feet in height.
Subsequent lanes were narrowed to a width allowving easy passage of per-
sonnel and equipment and minimal trail maintenance. Distance markers
were provided at 400-ft intervals for each 300-ft-wide treatmeant plot
and 100-ft buffer sone.

: Test Site I, approximately one mile wide and three miles long, was
delineated into treatment plots by 12 parallel access lanes oriented in
an east-west direction. Lanes were designated by numbers 1 to 12. Lanes
1 to 7 were cleared during the period mid-August through November 1963.
Lanes 8 to 12 included some previocusly cleared lanes, and the remainder
of the test site was delineated in March 1964 into 120 posesible treatment
plots as shown in Pigure 1,

Survey and lane clearing of Test Site II were initiated in Pebruary
1964 and continued through October 1964. An additional series of 22 plots
for retreatment was established in December 1964 and January 1965. Lanes
in Test Site II were designated by letters A to X. More than 150 treatment
plots were made available, including several S-acre plots 300 by 800 ft for
chemicdls in short supply and for evaluation of localized areas dominsted
by bemboo (Figure 2). Access lanes in Test Site II were oriented in saversl
directions to provide minimal distances from the graded road marking the
west boundary of the test site.

In the two test sites cowbined, more than 35 miles of major access
lanes were cleared and maintained during the test program. Tast site 4
preparation also included the clesring and maintensance of an sdditiomal
52 miles of evaluation and camers station trails within the treated plots
as described in the following paragraph. Clearing of regrowth sad trail .
mtintenance on this total 87 miles of lanes and trails was required
throughout the test and evaluation period.
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Pigure 4. Access Lane at Test 3ite I Showing Dense Forest Vegetatiom.

B. EVALUATION AND CAMERA STATION TRAILS

Treatment plots were normally 300 ft wide and 1500 ft long, allowing
for three contiguous 100-ft swaths 1500 ft long, as indicated by the flight
paths {n Figure 3. Buffer szones 100 ft wide were provided between treat~
ment plots to allow for spray drift and overlapping of adjoining treatments.
Although buffer zones wers not delineated at the ends of each plot bordering
the access lanes, it was recognized that overlapping of spray applications
or incomplete spray deposition could occur within 200 to 300 feet omn either
side of the access lanes. The portion of each treatment plot selected for
evaluation was therefors restricted to the center 500 ft of plot length and
ti:a central 100 ft of plot width to minimize possible cnrlapptng and boxder

effects,

An evaluation and camera station trail 1000 £t long was established {in
the central ewath of each plot, Six camera stations for vertical visibilicy
evaluation were permanently marked at 100-ft intervals with Camera Statiom 1
at a distance of 500 ft from the access lane at the end of the plot. From
Camera Station 1 the trail was offset from the center line 30 degrees left
for a distance of 200 ft and 20 degreaes right for the rmhtu 300 £t to
provide sampling stations across the central 100-ft swath,
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Lo AKRIAL SPRAY BQUIRMENL

Lesse arrangements were made in August 1963 by the ARPA RADYU-T with
Alr Amrica, Inc., for services of & twin-engine Beechcraft Tea-Two
(modified C-43) equipped with a spray distributien system for use in the
defoliatien test program. Spray equipment was {nstalled im the contract
plane at Bakersfield, California, by French Aviation Compeny based on
specifications mutually agreed upon by U.S. Army Biological Center and
Air Amarica, Inc. A brief flight test of the equipment was mads om
16 Oztober 1963 ir the presence of personnel from U.3. Arwy Biological
Center. Minor mediiications were suggested to improve the efficiency
of the distributiom system for research applicatioms.

The plane and equipment were then ferried OCONUS for additiomal
modification prior to delivery in Bangkok, Thailand, on 17 December 1963.
The plane was made availadle to the defolistion program im late December
for flight tests and calibratiom.

The spray distribution system comsisted essentially of umderwing booms
fitted with k-inch diaphragm-jet nessles st 6-inch spacing, am afr-driven
pump, and a 180-gallon stainless steel tank. The distributiem system was
designed for operation at pressures of 10 or 15 to 60 pei with delivery
rates of 20 to 200 gallons per minute. Deposition rates of 0.5 to 6.0
gallons per acre were pessible at flight speeds of 100 kmots (Figure 3).

Details sad specificatiocas of the equipment are givea im Appendix B.

The spray aircraft was stationad at the Nua Hia Airpert during the
entire peried of calilration and test application. The Afir Assrica pilot,
John D. Herceg, werked closely with project persomnel from U.S. Army
Biological Center during the entire calibration amd test applicatiom
period. Two Alr Amarica,sircraft sischsnics were assigned te the project
for the sams pariocd and provided excellent support and ceoperstiom in
the test operations, particularly in supervisieam eof the preperatiom and
loading of chemical spray solutiomns.

s
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Tigure 5. 3Boom System end Air-Drives Pump wader Fuselege
A. Troat view showing pump sand esatral sectiom
of beem wader fuselage. .
B. 8ide view of wing and centrsl fuselage sestions
of beon sheving nessle placemmt.
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YI. CALIRRATION OF SFRAY DISTRIEUTION SYSTEM
A. PRETREATMENT CALIBRATION '

* 1. sStatic Flow Tests

The aircraft spray system was calibrated during stationary tests
. at Don Muang Afirport in Bangkok to establish generalized flow rates of
water and diesel fuel. Plow rates were obtained by mesasuring the amounts
of spray delivered over specified time periods for various groupings of
nossles, nossle orifices, and pressures.

oo
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After tramsfer of the plane to operational headquarters at the
Hua Hin Airport, static flow tests were conducted with Purple emd Pink
in 1:1 or 1:2 dilutions with diesel fuel or with the pure chemical.
Flow rates were also determined on water solutions of butyns diol as a
representative of the water-eoluble chemicals.

et

Plow-rate information ocbtained in these tests was used to select
: nossle spacings and pressures for desired deposit rates with various
1 chemical solutions and mixtures.

2. Tlight Caltibrations

| Preliminary flight tests with diesel fuel were calibdrated in early
Pebrusry at the Bua Hin Airport. Imwind flights were mads at heights of

: 50 to 75 feet ever the north-south rumway. Spray deposit patterns were
secured on oll-sensitive dye carde placed at 10-ft imtervals om a 540-ft
line cromsing the rumway,

A calibration grid was later developed at the sams lecatiom to
pernit inwind flights in any direction. This grid comsisted of four
sampling lines 540 ft leng with a common midpoint. Flii{ght tests were
sade wvith diesel fusl comtaining red dye, and spray deposit patterns
were colorimetrically datermined with a Bausch and Lomb Spectromic 20

spectrophotomster.

These preliminary tasts of boom configuration showed that mossles

squally spaced for full boom length produced a bimodal depositc patterm
in a swath approximately 1350 ft wide.

Subsequent modifications in which nossles were restricted to
. inbeard pesitiems behind the engine nacelles gave approximate 100-ft
swath widths but retained the bimodal patterm. Plight tests in which
10~ te 15-degree flape were used during spray application gave a suitable
wmiform depesition pattern with a swath width of 100 to 120 feet.

RS




»w

30

B. CALIBRATION DURING TEST APPLICATION PERIOD

In March 1964 calibration operations were moved to a new grid adjacent

- to the test sites. The grid was operated throughout the test application

period to provide information on spray deposit rates for the boom and nozzle
configurations and spray mixtures used in each treatment, PFrom two to five
flights vere calibrated concurrently with each treatment. Additional cali-
brations were occasionally required prior to treatment with new chemicals

or solutinns for which data were lacking on flow-rate characteristics,

The grid was located on a rifle range on the Replacement Training
Center in a cleared area 1000 by 2500 feet. Four grid lines, each 600 £t
long and with a common midpoint, were delineated by 3-foot=-high stakes -t
10-foot intervals. Each stake was capped by a matal-rubber clip to permit
attachment of & pair of 6- by 6-tnch aluminum or stainless steel plates
for collection of spray deposit.

During calibration flights, sprey deposit patterns were obtained on the
selected grid line on two series of plates (Figure 6). White Kromecote
cards were mounted on one set of plates for a visual check of spray deposit
pattern and for determination of mass median diameter of spray droplets.
The other series of plates was used to determine spray deposit rates by
the acetone wash and colorime’ric technique, as described in Appendix C.

A msteorological station at the grid included a hygrothermograph, a
three-element thermistor for securing temperature readings at ground
level and flight altitude, and a Model L Belfort anemometer with direc-
tion and velecity transmitter mounted on & 50-ft tower (Figure 7). The
ansmomster was equipped with a supplemental velocity indicator calibrated
to read wind velocities up to 10 miles per hour to the nearest 0.1 mile
(rigure 8). Data were recorded at the time of each calibration flight

on (1) wind direction and velocity at flight altitude (50 or 33 feet),
(u) sir temperature st ground level and at flight altitude, and (tu)
relative humidity.

Supylemental cbservations were made of wind direction and velocity at
tree toy height at one or two locations in the test sites (Figure 9).
Readings were taken at S-minute intervals by an observer stationed at
the test site location during the tims of plot treatment and calibratiom.
Concurrent readings taken at the calibratien grid permitted comparisoms
of grid and test site conditioms.

Calibration operations and subsequent laboratory determinations of
syray depoeit rates were carried ocut by a crew of three to five Thai
werkars under the direction of a supervisor from U.S. Army Biologicsl
Center military persomnel.
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Pigure 6. Grid Crew Removiag Depoeit Plates from Collectiom Statiocms.
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Pigure 7.

Telescoping Mateorological Tower at Grid Area
for Obtaining Wind Direction and Velocity Msasure~
memts at the Spray Altitude
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Pigure 8.

Anemometer Console for Wind Direction and Velocity Readings.
Millismmster at top registers wind velocity up to 10 =ph to
the ndarest 0.1 uoh.
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Pigure 9.

Supplemental Westher Statiom at Test
Anemomster wounted shove tree camopy.
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YIX. VEGETATION INVENTORY

Prior to test application, s vegetation inventory was taken oo each
trestment plot to provide information on vegetational composition and
structurs. The inventories were taken by Thai foresters of the Environ-
mental Research group of the ARPA RADFU-T under the direction of Lieutenant
Colonel W.R. Scheible. Personnel conducting the inventories were trained
to identify and recognise native trees and shruba of the test locatiom.

The inventory on each treatment plot consisted of: (1) a list of
species iu the dominant canopy and intermediate tree, shrubdb, and ground-
cover layers for individual 10u-ft eegments of the central 500-ft tramsect;
(11) tallies of the numbers of individual plants of each tree or shrud
tagged or marked for future recognition along the 500-ft belt transect;
snd (111) a chart map of the individual trees and shrubs located within
a 20- to 30-ft radius of each of the six camera statioms.

A code numbar was assigned to each species for convenience in marking
individuale for future recognition {mn evaluation of trestment response
and in tabulations of vegetation inventory. Identification and marking
of individual trees or shrubs along the evaluation trail by the inventory
team thus facilitated later evaluations of species respomse by personnsl
from U.S. Army Biological Center, regardlass of their lack of familiarity

with Thailand vegstation or plant idemtification.

More than 220 plant species were recorded from the test site area of
which 33 te 50 were frequently encountered om the tallies.

Data on species composition wers compiled for each trestment plot amd
for the two test sites. Composition was expressed ss abundance om the
basis of numbers of tallied individuals of each species in each plot com-
bined with the numbers of individuals charted om the camsrs-statiom dia-~
grams. Perceatage composition data were based cm the proportiom of
individuales of a species to the total number of individuals tallied in
each plet er in the total test site. Frequency percemtages wers cslculated
for each species om the bdasis of proportion of plots ia each test sits in
which the species cccurred. Data om species composition and frequemcy
(301 or wevre euly) for the two test sites are shown im Tsble 2. Species
are segregated om the basis of occurremce in the dominmat, istermsdiate,
and shrud layers. A complete tabulatiom of species will be preseated in

a later repert.
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TABLE 2. PER CENT COMPOSITION AND FREQUENCY OF PRINCIPAL
WOODY SPECIES IN THE DOMINANT, INTERMEDIATE,
AND SHRUB LAYERS OF TEST SITES I AND II

4 3 Cenpesicion Froqueney

Code No. and Spesies 1 Camposition Fregquensy
Demdsent Layer
40 Lagerstrosmis floribundy 0.2 Y 4.9 ”»
A9 Mengomis xagei 4.6 ” 0.4 37
40 Diospvroe gosetante 0.7 n 1.2 -
70 Milleccia Levesacha o/ 75 * o
119 Dislius Andwn . 3 0.9 ”
42 Apthsrosorve pisxrnt 1.9 72 . .
37 Diocseyros mellls * L * 4
6t lageratroenis lowdenid 0.3 “ * »
8 Ssendiss mamsifera \ 3 * “
3 Mealikaza hessndra 0.6 o1 * »
39 Diogeyres suxzamii e e "¢ »
47 Garves pimmsta * b1 9.3 134
13 Mabues srundinesss 4/ . 2.0 4
35 Graia alatestameides < 4 ~had »
Subtetal: eceompseition .3 118.4
Interusdiots Layer
91 Streblns asvianiss 43.0 100 (X} n
101 Claistanthus deaxsheling 2.0 ” 0.4 1
29 Caltis sulliness 0.7 ” 0.2 &0
33 Evdmecacrmua Alisifaliue 0.4 n 4.3 od
99 Litax suinata :-: : : : ;
9 Atalomtis o o B
ﬁ- 1.2 76 * 43
u m JISr Y 3.2 14 0.6 »
78 Phvllaathug o». , n 3.2 »
73 Rishwhcis Alemssale + 4 * n
66 Mmmaxies Syalun .9 o 1.1 4
90 Grania LamSCass + |d 3.4 o
71 Nitrashecs haithil 0.9 “ * 2
o jiadexa macitim \ 3 .é «
7S Qlea macitims 0.3 19 3.6 ”
137 Maxllasthus sshliss - ] n
Subtetal: ecompssitiom 0a.? 0.7
Sres Lae '
19 Clatstanting *o. . 19 16.2 ”
11 Asosis semens ‘ * o "w.3 n
21 Basvenrys saatshviln + :: o ::
23 Casseris * 3
’” mﬂﬁn 0.3 [ * 33
3% Bresseevirmda Resshiata - n 3.2 o
102 Ziavsbes mmenlia * » \ “
2 Sehepedecsh BmmiandcA 0.4 2 .3 o
3S Jasminme oe. * w * n
123 Eyenvane seshinshisssais + - . »
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Inveatory data show rather marked differemces in the species composi-
tien and frequency om the two test sites, although most species were found
en both sites. Mapsonis gagci and Antheroporum pierrei were two of the six
principal dominants on Test Site I. pambusa spundipaces (bsmboo) and
Lagsrstroemia floribunda were most abundant as dominants on Test Site II.
va Test Site I Strsblug zeylenica end Clefstenthus dasyphvllus cowprised
73% of the cempogition of the intermsdiate strata. On Test Site II several
other species were important components of the intermediste layer, includ-
ing: Memecylon ovatum, 12.1%; Kydnocarpus ilicifolius, 4.31; Grewis
tomentosa, 3.4%; and Qles meritims, 3.6%. The shrub layer in Test Site I
had no predominating species but on Test Site II Clefstagthus sp. and
Acacis copogy comprised mors then 30% of this layer.

Specimens of all woody species encountered were collected at the test
sites and identified principally by Dr. Tem Smitinsnd, Forest Botanist of
the Reyal Verestry Depertmsnt, with the collaboration of other botanists
of Kasetsart and Chulaleagkorn Universities. Certain plant specimens
were verified and identified at the Singapore Botanical Cardea Nerbarium
and at Kew GCardens Herbarium in Lowdon, England.

e - YUY
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A. PLOT SELECTION

Treatments wers made on duplicate plots generally selected from the
two test sites. Within the test site adjacent alternate plots were
selected for rate or volume compacisons of the same chemical, Small~
area plot tests and treatments on bamboo-dominated vegetation were limited
to Test Site II; replicate plots of these treatments were selected from
different portions of the site.

B. m OF PLOTS FOR AERIAL SFRAY APPLICATION

The relative sise and close proximity of test plots required a precise
mathod for aerial location of the plots salected for treatment and for
delineation of flight paths for the pilot in making spray applications
at flying heighcs of 35 to 50 feet above the forest canopy. A flag or
panel marking system was developed that satisfied these requirements

(rigure 10).

Flags wvere erected in the tops of the tallest trees nearest the four
sxtremities of the cuter swaths to be treated. The pilot was thus able
to line up flight paths on the pairs of flags marking the ends of the
1500-£ft swaths and to fly midway between the pairs of end flags for the
remaining central swath (Figure 3).

Marker trees were selected so that flags would dbe clearly visible to
the pilot from either direction on the flight path when approaching at
spraying height. Distances were measured from the selected flag trees
to the correct positions marking the flight paths (200 ft apart). A wap
of corrected flight paths in relation to the flag positicns was provided
for pilot guidance at the time of test application.

Tlags counsisted of :sets of thres triangular cloth panels mounted at
the ends of 18-feot steel tubing (Figure 11). The psnels were supported
by collapsible arms or braces for counvenience in raising and 1 ing
the flag through the tree canopy. When expanded, the vmtcalmtntod
panels presented a diamond-shaped surface, 6 by 6 ft, visible to the pilot
from any directiom.

Flags were erected by expert tree climbers from the Thai lane-clesring
crows vhe exhidbited consideradble dexterity in poeitioning the flags ‘= the
tops of trees ranging in height from 30 or 40 to wore tham 100 ft.
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Pi{gure 10.

Crew Raising Plot-Marking Flag into Positiom
Above Upper Canopy.
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Figure 11. Plot-Marking Flag im Position
Above Righest Cawopy Level.
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Beginning in December 1964, the positions of three of the six camera
stations were marked by yellow flags prior to treatment in additiom to
warking the treatment-plot corners. This procedure permitted an serial
location check to insur: that the camera station and evaluatiom trail
vere entirely within the area to be trected and would rveceive full spray
coverage. Kromecote cards were exposed at each camera statiom for a
visual check on spray penetration of the forest canopy following treatment.

C. PREPARATION AND LOADING OF OMCAL SPRAY SOLUTIONS

Prior to application, a chemical loading sheet was prepared with the
calculated volume and composition of the spray solution for the specified
treatment.
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Total volums requiremsnts for a specified test application were
buql on:

1) Volume needed for plot applicatiom

2) Adjustment for estimated depusi. recovery
3) Volums needed for grid passes

4) Tank reserve, 30 ga’

$) Boom allowance, S gal

For example, & specified treatment with 100% Purple was applied to
obtain a deposit volume of 2.0 gal/acre. A recovery of 80% necessitated
2.5 gal/acre released from aircraft. The following tank volumes were

required for the emtire flight:

55 gal for 22 acres coverage
30 gal for grid pesses

30 gal for tank reserve
-3 gal for boom allowance

120 gal - total volums requirement

The amsunt of chemical required for a test application was calculated
on the basis of desired deposit rate of active ingredir.i or acid equiva-
lent of the material to be sprayed. Calculations took into account the
purity or comcentration of active ingredient in the formulated product
as well as the percentage recovery volums.

For example, cacodylic acid comntaining ¢5% sctive ingredient was
sprayed at a deposit rate of 2.5 lb/acre and a deposit volums of 2.0
gal/acre at an estimated .ecovery rsie of 70%. ‘he amount eof cacodylic
acid product required was 2.5 1b divided by 0.€" or 3.85 1b for each
2.0 gal of prepared spray mixture. To obtain a deposit volume eof 2.0
gal/acre at 70% recovery, a spray delivery rate of 2.0 divided dy 0.70
or 2.8 gal/acre was required. Total volvwa and chemical requiremsats
were calculated as {n the previcus exampls.

In addition to ecalculatiomn of total volums amd chemical requirememts,
the preper nesxle configuration and tank pressure required to deliver
the specified spray volume was determined from previo.s calibratiomns.
Thus, at 100 imots' flying speed and with a swath width of 100 feet, tha
aircraft ceversd 23 acres per minuts. %The total nozsle flow rate required
in the example with cacodylis acid was 2.8 gal/acre x 23 acres per minute

or 65 gal per minute.

This information was then used by the airport crew, supervised by a
technician from the U.S. Army Biological Center to msasure the variocus
componsuts of the spray mixturs and prepare them for loading into the
aireraft tank.

i o J
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Specified amounts of dye, usually DuPont oil-soluble red or rhodamine
blue, were added to the spray mixture to determine spray deposit in grid
calibrations as discussed in Appendix C,

Spray-mixture components were mixed in open-topped 55-gallon drums
with hand paddles (Figure 12). The spray solution was usually prepared
on the afternoon preceding the application date and loaded with a gasoline-~
driven centrifugal pump and oil-resistant hoses {n the predawn hours just

before take-off.

Gloves and face masks were used as needed to avoid skin irritatiom
arising from prolonged contact with certain of the test materials. A
Thal aircraft mechanic indoctrinated in appropriate safety precautions
supervised the ground crew.

Tigure 12. Preparation of Spray Mixzture ia 55-Gallom Drum
Prior to Alreraft Loading,
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D. AERIAL APPLICATION

Treatment application involved the coordinated efforts of the flight
crew consisting of pilot and spray technician, the calibration grid crew,
and the airport crew. Radio contact was maintained during the application
period between the pilot and the calibration grid supervisor who provided
nateorological data from the grid and scheduled the calibration and plot
application flights. The grid supervisor was responsible for possible
cancellation of test applications because of unfavorable winds or other
adverse test conditions. Radio commmication with the airport crew was
also available to the pilot.

~ The typical sequence of in-flight procedures during treatment applica-
tion included:

1) Initial priming of spray system and regulation to desired
pressure _

2) Calibration grid flight

3) Plot application

4) Calibration grid flight

5) Plot application

6) Calibration grid flight

Sprays in calibration flights ard oo test plots were appli~d at a standard
airspeed of 100 knots at a height of 35 to 50 feet above the forest canopy

or grid surface.

The following data were recorded by the spray technician for calcula-
tion of flow rate and spray volume dslivered (Appendix D):

1) Time of spray run

2) Air speed in knots

3) Tank pressure at spray delivery
4) Duration of spray run (seconds)
5) Tank gauge reading (galloms)

6) rlight path azimuth or direction

Flov rate and gallons per acre released were calculated in flight after
the first spray run to corroborate or ... 7e pressure value settings 1if

necessary.
On completion of spray applicatiom, data from all spray rums were

composited to calculate flow rate (gpm) and spray volume dalivered in
accordance with the following equations:

) 60

Flow rate in gpm = L er of seconds In spray rua

Rlow rate in gpe
callmmuronluud-numm {nate

-



The factor, 23 acres per minute, represented the area covered in a 100-ft
swath {n one minute at the standard 100-knot airspeed.

Immediately upon return of the aircraft from a spray application, the
residue of chemical mix was drained from the tank, pump, and boom. Two
20-ml saxples were taken from the drainings to be used for colorimetric
standards in laboratory analysis of the grid deposit data.

The aircraft and boom system were subjected to a rigid schedule of
flushing and washing after each spray flight. The aircraft was first
scrubbed with water containing soap or detergent and 17 ammonia, then
wvashed with a dilute solution of acetic acid and given a final rinse
with water. Spray booms and nozszles were thoroughly flushed with water.
Nozzles were checked at least once a v«k for deterioration of the
diaphragms and gasksts.

K. mmm ANALYSIS OF SPRAY DEPOSIT RATES AND VOLUMES FROM GRID

CALIBRATION

Spray dcpo-tt rates and volumes for uch treatment application were
obtained by a colorimetric technique that is discussed in detail in
Appendix C. Pigure l3A 1illustrates the removal of the spray deposit
from the exposed plate and its matching cover plate by rinsing with
acetone or other appropriate solvent. Colorimetric determination of
the spray material in these rinse solutions was mede with a Bausch and
Lomb spactrophotomster as shown in Figure 13B. Data were converted to
spray deposit values expressed in gallons per acre based on standards
prepared from the samples of original spray solution obtained following
treatment application.

A profile of spray deposit values was graphed for each grid flight.
Average deposit rates were calculated in pounds per acre of active ingredi-
ent, and maximm, mesn, and minimum deposit volumes per plot. Depos .
recovery values were cbtained by comparing deposit volumes obtained from
grid deposits vith delivered volumes obtained from flight records
(Appendix C). Mass median diamater of spray droplets was determined
from the Kromecote cards exposed during crosswind flights.
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Pigure 1). Laborutory Determination of Spray Deposit from Grid Calibdratiom.
A. Spray deposit from grid plates is diseolved in acetome
and made to volume in volumetric flask.
B. Light transmittance values of spray solutions are
deterninod with a spectrophotomster..
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A. RATIONALE

The objectives of the defoliation test program were to determine
minimal effective dosage treatments with Purple and related herbicides
and to evaluate the effectiveness of other chemical agents. Evaluatiom

. techniques were therefore needed that would accurstely appraise the total

degree of defoliation or foliage removal by a wide array of chemical
treatments. The test program also provided an excellent opportunity to
secure quantitative data of importance in military operations on changes

in vertical and horlisontal visibility in the jungle enviromment as affected
by defolietiom.

Three evaluation techniques were developed in the early stages of the
project to meet these requirements: (1) visual evaluations, (ii) vertical
canopy photography, and (1ii) '"dot-count” horizontal visibility messure-
ments. The three types of evaluation were conducted at the following
scheduled intervals to provide information on rapidity of action of
chemicals and the duration and trends in defoliation responses:

1 week 2 months 6 wmonths
2 weeks 3 months 8 to 9 months
3 weeks 4 months 12 months
4 weeks S months

Visual estimates of defoliation were used to appraise the defoliation
response of the total vegetational cover to chemical trestment. Ratings
obtained dy this technique were directed primarily toward an evaluation
of effectiveness of chemical treatments as related to rates, volumes,
season of application, and type of chemical.

A second technique employing vertical photography gave quantitative
measurements of ground-air visibility as related to defoliation response.
Repeat photographs at permanent locations in each treatment plot provided
a continuing record of canopy obscuration, as determined quantitatively
by a compositing light meter or obscurimeter.

From the military point of view, air-to-ground vertical visibility is
probably more important than ground-tc-air visibility. However, the
difficulties in evaluating changes in air-ground visibility by means of
acrial observations or photography with the timing, precision, and total
number of observations required for an adequate volume of data were almost
fnsurmountable. Further, this technique would have required the placement
of some type of reflective markers or targets, on or near the ground, in
over 250 plots, and maintenance of these targets throughout the test
period. By contrast, i{f it can be assumed that there is a direct rela-~
tionship between air-to~ground visibility and ground-to-air visibility,

s




&7

the latter may be messured quickly, essily, aad accurately dy the caraful
adaptation of standard photographic techniques. The method adopted
required only a very small {nvestmsnt in equipment snd skilled labor
compared to the extremely large expenses involved in aircraft operatioms.
No targets were required and laboratory evaluation of the photographe
vas simple, fast, and reliable. ‘

Horizontal-visibility measurements were obtained by the third technique
that dealt with the portion of the jungle or forest enviromment within
which the foot soidier operates. The technique involved observation of
& human-sised target ou eight azimuths over a range of specified distances.
Horisontal-visibility data furnished a msasurr of effectiveness of defolia-~
tion in the shrub and yround-cover layer of the forest in contrast to the
upper canopy effects mesasured dy the vertical photography technique.

Supplemsntal use was made of oblique aserial photographs takenm in
Rodachrome, Ektachroms, and Infrared Kodachrome of individual plot treat-
ments in recording changes in defoliation response and in determining
uniformity of spray coverage. Evaluation of response was based primarily
on dominant ¢ .nopy.

B. VISUAL ESTIMATES OF DEFOLIATION

Visual estimates of defoliation of vegetation and individual species
were used as & p lwery rating system of effectiveness of chemical spray
treatments. Rat .nZs were made at scheduled intervalas of perceatage
defoliation of over-all vegetation and of the component dominant, inter-
mediate, shrub, and ground-cover layers. Concurrent rvatings on a 0 to 10
scale vere made on defoliation, or regrowth, or both of individually
marked trees and shrubs,

In making the appraisal on a treatment plot, the cbserver traversed
the centrally located 50C feet of evaluation trail, rvecording first the
defoliation of individually marked plants. Over-all estimates were then
made after inspection of the entire central portion of the plot. The
observer mentally composited or averaged responses of the entire vegeta-
tion profile to obtain the over-all rating.

Immediately after treatment application, notes wers taken of the
general spray deposit pattern, relative penetration of spray to ground
level, and any irregularities in spray coverage in relation to plot
boundaries and the permanent camera stations.

Periodic observations furnished information om:
1) Amount and duration of foliage removal in the over-all vegeta~

tion guver and in the various structural components of the profile includ-
ing dominant canopy, intermediate tree layer, shrub layer, and ground cover,




2) Characteristics of plant response clessified as (1) herdbicidal
action-=systemic and growth-regulating effects resulting in defoliation
and subsequent death, (ii) desiccant or comntact action=—monsystemic effects
characterised by rapid death of follage without injury or death of plante-—
foliage removal followed by regrowth, and ({ii) defoliant action=—stimulation
of leaf fall or abscission without sustained injury or death of the plant—
often characterized by a rapid shedding of green leaves following applicacion
of chemical defoliants.

3) Rapidity of defoliation, herbicidal action, and other plant
responses.

4} Duration of maximum or effective defoliation response.

:y Casracteristics of regrowth or recovery of vegetation following
defoliat/ s,

In genarsl, the data are considered to be a fairly reliable index of
treatment effectivenass. One or two observer team members conducted

each evaluation.

Replacement personnel worked with experienced observers to securs
uniformity over the test period. During the dry season some difficulty
was encountered in distinguishing the effects of chemicals and that of
natural defoliation, particularly in Test Site II.

Treatments yielding over-all defoliation in excess of 60 to 65% were
considered to be effective from the military standpoint.

C. VERTICAL PHOTOGRAPHY

Briefly, the method may be described as follows. Very high contrast
photographs of the forest canopy were made with the sky as a background.
These photographs were taken at six marked locations in each plot, before
and at 12 intervals after treatment, according to the schedule given in
Section IX, A. Each series of repeat photographs was carefully taken at
exactly the same marked spot, with the camera adjusted on a tripod so
the lens axis was in a precisely vertical position.

The negatives obtained w“ere high contrast silhouettes of the upper
canopy, in which the white and blick areas represented obscuration and
visibility, respectively. The proportion of canopy obscuration in each
negative was evaluated by a compositing densitometer called an obscurimeter
(Figures 14 and 15), (Appendix E).




Photographer sad sssistaat with camers vertically positiomed

. at camaras statios.

Camsrs mounting showing lavel indicstors for vertical pesiticaisg.

Vertical Photography Techaique.

Tigure 14,
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The camsra used was a Nikon F, single lens reflex 35 mm, with a
“waistlevel" finder. This camera was chosen because of its precision
construction and rugged durability, although any camera of similar design
could have been used. The 28-mm lens was chosen partly because of ready
availability and as a compromise in the choice of the angle of acceptance
that determines the area in the field of view (60 degreas).

The tripod has a specially made top plate tu hold the camera vertical,
with necessary lcvoling indicators. A compass vas used to enable proper

‘orientation of thes camera axis consistently in the same direction through-

out the series of photos.

Exposures were chosen so that the sky, as a background, was rendered
dense black in the negative; the forest cover was very drastically under-
exposed, thus producing a black and vhite silhoustte of the foliage and

upper branch framework.

Field procedure consisted of beginning the film strip with a phorograph
of a sign containing the film roll number, date, and plot number. An
exposure vas made of open sky, with shutter speed and aperture set as
deternined by the exposure meter (Weston Master XIX) to give a normally
dense sky image. The same shuttar and diaphragm settings were used for
duplicate negatives exposed at the six camera sites in each plot. An
unexposed negative and an open-sky exposure were included for obscurimeter
calibration of sach roll. The period in which photographs could be taken
was limited by the elevation angle of the sun from 0800 to 1100 and 1400

to 1600 hours.

Negative development was carefully standardized to secure uniform
high contrast.

Films were then processed with the obacurimeter or compositing
densitometer to obtain transmittance values for each negative which
were then transposed to obscuration values. Instrument adjustments
wvere made on each roll of film to give 100% transmittance by the blank
frame and 0% for the fully exposed sky frame. The frames containing
the canopy silhouettes were processed in succession without changing the

instrument adjustment.

Obscuration values for the individual camera station in each plot
were graphed to facilitate compilation of percentage and duration of
response data.

D. HORIZONTAL VISIBILITY

: Horisontal visibility was measured in each treatment plot at scheduled
‘intervals by the technique developed by the U.S. Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi, in a research project for
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ARPA.}® The technique consisted of observations of the proportion of a
human-sized target visible at specified distances from a given point.
Comparisons of target visibility prior to and following treatment gave

a8 quantitative mesasure of changes in horizontal visibility due to defolia-
tion. Untreated conirol plots provided data on seasonal changes in

visibility,

The target consisted of a set of three 10-inch discs mounted at 0.5-,
1.2-, and 1,.9-meter heights on an aluminum pole (Figure 16). The white
discs each had 25 randomly -spaced red dots 1 cm (0.4 inch) in diameter.
Visibility was determined in each treatment plot on a series of eight
aximuth lines radiating from a central observation station. Camera
Station 2 was used as the observation station because of its central
location and accessibility.

Target visibility expressed as numbers of dots visible on esach target
at & given range was determined by an observer with the aid of 7 x 35

. binoculars mounted on a tripod. The crew consisted of the observer,

recorder, and one or two men who positioned the targets at specified
distances. .

In the early phase of the test program, targets were positioned at
5, 10, 15, 20, 25, and 30 meters from the observer on each of eight
equally spaced asimuth lines, as suggested by Waterways Experiment
Station, Visibility was determined at subsequent intervals at the
same azimuth positions as determined by tape and compass. In the test
sites examined in Thailand almost 100% of the target dots could be
counted at five meters. Conversely, at distances of 25 meters or more,
the target was saldom visible and standard errors of 100 to 300% were
obtauined at ranges in excess of 25 meters. For this reasom, the S-,
25-, and 30-meter ranges were dropped, and efforts concentrated on the
10-, 15-, and 20-meter ranges.

An additional modification of the horizontal-visibility technique
was made following statistical tests of method error in comparisons of
wmarked and unmarked target locations used for successive readings in the
same plot. In the original system of unmarked target sites at 10, 15,
and 20 meters from the center on each azimuth and azi{muths located by
compass and tape for each successive reading in the same plot, the con-
fidence interval of the difference between two successive readings in
the same plot was 25.5% of the total dot count at the 0.95 probability
level. When target locations were permanently marked assuring that
asimuths and target locations were identical for successive readings
on the same plot, & confidence interval of 10.4% was obtained, indicating
8 much reduced variability. The technique was modified in February 1965
to incorporate marked locations of all targets for the continuing series
of observations. The method using fixed target sites resulted in a
significant reduction in field time required for visibility determinations.
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Pigure 16. Target used in Horizontal Visibility
Technique.

Horizontal visibility determinations were initiated in July 1964 and
were carried out by a crew of trained Thal workers under the supervision
of ARPA R&DFU-T personnel or U.S. Army Biological Center persomnel stationed
at the field headquarters.

Data were expressed as average number of target dots visible per
agimuth for each distance range. The ratio of combined target dots
visible for the three ranges at. any period of observation to the before-
treatment reading gave an index of improvement in horizontal visidility.
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E. AERTAL PHOTOGRAPHY

Oblique serial photographs of individual treatment plots were taken
from an altitude of approximately 1,000 ft with a 35-mm single-lens
reflex camera on Kodechrowe or Ektachrome film. These photographs were
taken by project personnel from the Beechcraft plane during late morning
or early afternoon hours. Photo flights were made at l- or 2-week inter-
vals during the period from October 1964 to March 1965.

Attempts were made to secure a weekly photographic record of the
early response stages to treatments for the first mont and subsequent
monthly photos during the period of effective defoliatiom.

The photographic record of early stages of vegetation response was
svaluated to provide information on spray distribution in relatiom to
plot boundaries and uniformity of coverage. The percentage of canopy
reduction or defoliation was estimated from properly exposed photographs
by visual estimates and comparison with adjacent untreated vegetation,
The photographs were used principally to supplement visual estimation
from ground observations.

Aerial photographic coverage with panchromatic film was taken of the
entire Royal Thai Army Replacement Training Center on 1 January 1964 by
the U.S. Air Force photo-intelligence group at Korat, Thailand. Conmtact
prints of four photo flights including the two test sites on a scale
1:15,000 were furnished to personnel of the OCONUS defoliation test
program. These photographs provided a pretreatment record of the test
sites,

Post-treatment serial photographic coverage in panchromatic and black
and white infrared film was furnished for the two sites by ARPA R&DFU-T
from photo flights made under the supervision of the U.S. Army Cold
Regions Research and Engineering Laboratorias. Panchromatic film cuver=-
age on a scale of 1:15,000 was furnished from flights made {n February
1965. Contact 1n£urcd prints, scale 1:5, 000 were provided from photo-
graphs made on 15 May 1965.

Color infrared asrial photographsion 70-mm Kodak Ektachrome Aero film
were taken at intervals throughout the test program. This film reproduces
live and dead vegetation in sharply contrasting colors~—bright red for
living planta and blue for dead vegetation.

Additional post-treatment aerial photo coverage with panchromatic
film has been scheduled for sarly 1966.
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L. RESVLIS

A. VISUAL ESTIMATES OF DEFOLIATION

Systematic ratings by visual estimates of defoliation were initiated
in July 1964 and continued at scheduled intervals untll September 1965
on all treatmants showing a msasurable response. Table 3 summarizes
all treatments with Purple, Pink, Grange, and Dinoxol,; a commercial
formulation of 2,4~D and 2,4,5-T esters. Defoliation ratings of selectec
treatments with other herbicides, defoliants, and desiccants are shown
in Tables 4 and 5. A rating of 60 to 65% was considered minimal for

effective defoliation.
1. Purple, Pink, and Orange

Dafoliation ratings for Purple, Pink, and Orange treatmants shown
in Table 3 are arranged in sequence of season of applicatiom.

a. Late Dry and Early Rainy Season (April - May 1964)

Initial tests with Purple and Pink in April and May 1964 were
conducted on Test Site U ~u'y. Evaluation ratings were startad three to
four wonths after applicatio., ,

Purple applied as a pure chemical at 2.4 and 3.0 gal/acre gav
effective defoliation for a period of 6 months after treatment. By 8 to
9 months following treatsent, regrowth and replacemsnt vegetation consist
ing of rapidly growing wooly vines and thrube had becomea established and
estimates of over-all defoliation were be'ow the effective level of defol
tion. Applications of Purple at lower rates (1.2 gal/acre of 1007 cheaic

or 1.8 gal/acre in a 1:2 mixture with diesel fuel) produced effacti{ve defoli-

ation for 4 or 5 months only. A treatment with 0.9 gal/acre in a 1:2
mixture with diesel fuel gave & minimal effective rating on one replicate

plot only.

Pink applied as a pure chemical at 1.6 gal/acre was highly
effective for a 5-month period. Minimal effective defoliation was
sacured at rates approximating 1 gal/acre (7.2 and 8.6 lb/acre acid
equivalent {n 1:2 and 1:5 mixtures of Pink and diesel fuel). Applica-
tion at 6.0 gal/acre vs. 2.5 gal/acre did not significantly affect the
degree of defoliation secured.

b. Lat* Rainy Season (August - September 1964)

Treatments with Purple and Pink were replicated on Test Sites
I and IT in late August and September.
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TABLE 3. VISUAL ESTIMATES OF VEGETATION DEPOLIATION FROM APPLICATIONS
OF PURPLE, PIMK, AND ORANGE OM TEST SITES I AND IX
" FROM APRIL 1964 TO JUNE 1965

Batte of
Chantesl Chandesl
oad H.[m te Ot} Test
Trestasst Ga 1a Mistwre stite - - - - - - - -

SARLY BAINU SBASEE (APR-IMY 1964)

Purple
1 12 109 o0t 1 “» “ “ wets “
t S » w as
H 1.4 0.6 1008 1 " o I " 13
. 1 » ” “ “w a
[} 3.0 130 1008 1 ” 2] r» ”» “ a8
t ”* ® W4 338 i
) ey 18 112 1 o “ » » »
1 " ' » » »
? Le 158 12 1 » o 13 @ A0 336
H ™ 0 ™ PP T
ok
s 1.6 1.8 10 1 1] s » 0 3 »
1 » s » I »
s w12 u 1 ” “ » 0 »
H 1) s 0 2013 ap
. o 1.2 2 1 " “ . 13 »
1 “ 20 20 as
] Lo 86 us 1 73 “© A3 % 13 “
] ' It 0 % 10 23
LATE BAINY SRASGE (ADS-SZP 1964)
Purple
» 3.3 .0 1008 t % 0 43-30 38 8 5 303 10
2.3 200 100% n 0 0 -0 710 © ss 3 83
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Only one of four treatments with Purple gave effective defolia- .
tion. Treatment 30 of 1007 Purple applied on Test Site II at 2.5 gal/acre F
was effective for a 5-month period. During the application of this treat- ‘
ment, leakage developed in one boom prior to spraying the second replicate .
on Test Site I, resulting in a higher spray deposit rate estimated to be 5
3.5 gal/acre. Uneven distribution of spray deposit was evident from later i
aerial observations. Ratings on this replicate were bélow minimal effec- : :
tiveness in epite of the higher application rate. Applications of 0.8 to L
1.1 gal/acre of 1007 Purple and 1:1 mixtures with dieecel fuel were not i
effective. =

Pink applied as pure chemical at 1.0 and 2.5 gal/acre gave
effective defoliation from 2 to 9 months on Test Site II. Replicates =
at these rates on Test Site I gave effective defoliation ratings for a .
shorter interval. A 1:1 mixture of Pink and diesel fuel applied on Test L
Site I at approximately 1 gal/acre gave minimal effective defoliation for e
one or two observations within the evaluation period. -

Supplemental tests were conducted with Dinoxol, a butoxy f%ff

ethanol ester formulation containing 2 1b of 2,4-D and 2 1b of 2,4,5-T o
acid equivalent per gallon. Applications were made at 1 and 2.5 gal/acre 1 T
of the 4 1b/gal formulation and at 1.5 gal/acre of a 1:1 mixture with -
diesel fuel. The higher rate of Dinoxol (10 lb/acre) produced effective . -

defoliation on Test Site II from 2 to 6 months after treatment. A minimum : 2
level of effective defoliation was attained for brief periods following ":“

treatment at either 4.0 or 6.0 lb/acre.
¢. Dry Season (December 1964 - February 1965)

Purple applied in December and early January at approximately
2 and 3 gal/acre gave effective defoliation on the secondary vegetation
of Test Site II but replicate tests were ineffective on Test Site I. A
1:1 mixture of Purple and diesel fuel at 1.1 gal/acre (9.8 1lb/acre acid
equivalent) caused effective defoliation on one replicate containing large
amounts of bamboo in Test Site II. Ratings on this and other plots domi-
nated by bamboo are based on vegetation exclusive of bamboo. Bamboo did
not defoliate readily from applications of Purple at 1 and 2 gal/acre.
Over-all ratings including bamboo did not reach minimal effective defoliation.

LYY T

Pink was evaluated at four rates, principally on Test Site 1I.
Effective defoliation was obtained on this site with pure chemical at 2.0 .
gal/acre and 2.6 gal/acre of a 1:1 mixtvre with diesel fuel (equivalent to ~
11.2 1b/acre acid equivalent). Data for a replicate test at 2.0 gal/acre -
on Test Site I are not available becsuse of incorrect application. Treat- ’
ment 58 of Pink at 0.6 gal/acre was ineffective on Site I and showed
ninimal effective dafolistion on Test Site II. < -
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Initial tests with Orange were made in February 1965. Applica=~
tion of 2.5 gal/acre of pure ciiemical gave effeotive defoliation on Test
Site I for a 4-month period. The replicate plot on Site I was destroyed
by fire about 2 months after treatment presumably assoclated with effective-
ness of the chemical. Orange applied as a pure chemical at the rate of 1.5
gal/acre was judged ineffective by visual estimates on both test sites. ,
Mixtures of Orange and diesel fuel applied at rates of 5.5 and 10.0 lb/acre
on Test Site II were not effective during the dry season according to visual
estimate data.

d. Rainy Seacon'(Hay - June 1965)

Preliminary evaluations are shown in Table 3 for the first 3 or
4 months following applications of Purple, Pink, and Orange in the early
rainy season of 1965. Replicate plots of each treatment were located on
Test Sites I and II.

Purple gave effective defoliation on both test sites from
applications at 2.6 gal/acre and on Test Site II at rates of 1.1 and 1,7
gal/acre. When Purple was applied in 1:1 dilutions in diesel fuel at
1.3 to 1.8 gal/acre, effective defoliation occurred during the first 2
months at Test Site II only.

.
)

Pink was highly effective for 4 months when applied as a pure
chemical at 2.2 gal/acre on Test Site II but only minimal ratings were
obtained on Test Site I at the third month after treatment. Somewhat
variable results were obtained with lower rates of Pink; effective
defoliation occurred only on Test Site II from treatment 94 with 0.7
gal/acre in a 1:1 mixture.

Orange applied as a pure chemical at 1.3 and 1.8 gal/acre gave
effective defoliation for 3 months on Test Site II but was ineffective on
Test Site I. Dilutions with diesel fuel containing 1 gal/acre or less of
chemical were effective only at 2 months on Test Site II. A combination
treatment containing Orange in a 1:1 mixture at 9.1 1b/acre and 0.5 1b/acre
of Tordon produced effective defoliation ratings for 3 months on Test Site I
but was ineffective on Test Site II.

e. General Summary

Purple caused effective defoliation for a period of 2 to 6
or more months from applications of 2 gal/acre or more (15 lb/acre acid
equivalent as shown in Figure 17) in which average and maximum rates of
defoliarion are plotted against application rates. Both percentage of
defoliation at maximum and duration of effective defoliation increased
with the rate of Purple applied. The pariod of effective defoliation
did not exceed 6 to 8 or 9 months.
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Figure 17, Trends in Maximum and Average Defoliation for Six Month3s
Following Treatment by Purple in Relation to Dosage Rate.
Data based on visual estimates.

Pink caused effective defoliation at lower rates than Purple,
based on data for average defoliation for the period 1 to 6 months after
application. Pink applied at 1.5 to 2.5 gal/acre gave effective defolia-
tion for periods of 6 to 9 months,’

Evaluation of Orange was conducted over a shorter test period
than Purple or Pink. Available data indicate that Orange is closely
comparable in effectiveness to Purple,

2. Selected Defoliants, Des'iccants, and Herbicides

Treatments with several commercially available defoliants, desic-
cants, and herbicides were applied in three 2-month periods alternating
with tests involving Purple, Pink, and Orange, Evaluation data on selected
defoliants and desiccants are shown in Table 4; data on other herbicides
and herbicide mixtures are shown in Table 5,

AL
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a. Defoliants and Desiccants
(1) Cacodylic Acid and Sodfum Cacodylate

Cacodylic acid was initially treated at 5.0 and 7.0 lb/acre
in Test Site I, Systematic evaluations are not available for the first few
weeks but moderate to extreme defoliation was noted 2bout one month after
treatment., Treatments made in October 1964 and March 1965 at rates of 3.4
to 6.0 lb/acre caused effective defoliation 2 to 4 weeks after application.
The sodium cacodylate treatment at 1.8 lb/acre was relatively ineffective
on both test sites,.

Regrowth of woody vegetation occurred 2 months following
application of cacodylic acid but visible effects of treatment continued
for 4 to 6 months,

(2) piquat

Initial tests with diquat at 2.7 and 4.0 1lb/acre gave
moderate to extreme defoliation in the first month after application,
but effectiveness diminished rapidly {n 3 to 4 months because of regrowth.
Applications at 2.8 and 5.0 lb/acre near the end of the rainy secason
(October) gave effective defoliation for a period of 2 to 4 weeks on
secondsry vegetatinn on Test Site II. Rates of 3 to 5 lb/acre are
apparently required for effective treatment,

Treatments during the dry season (March) were ineffective
at rates of 2 to 4 lb/acre. An additional treatment of diquat with amitrole
added as an active translocating herbicide failed to give effective
defoliation.

A mixture of diquat and Tordon is discussed in Section X,
A, 2,b(2).

(3) Endothall

Endothall was tested in a salt formulation in water solu-
tion and in acid formulation in a dimethyl formamide-water emulsion at
rates up to 5.5 lb/acre. The salt formulation gava slight defoliation
for 1 to 3 months. Endothall acid produced slight to moderate defoliation
frca the November and March applications, but results were generally
unsatisfactory.

(4) Merphos - Folex

Tributyl phosphorotrithioite, which is formulated both as
Merphos, an ofl-soluble concentrate, and Folex, an emulsifiable concentrate,
was applied in oil and water solutions at rates of 6.0 to 28.0 lb/acre in
early~- and late-rainy-season applications. Evaluation data are not tabu-
lated as the treatments were ineffective. Maximum dcfoltatton readings of
10 to 15% were obtained at the rate of 28 1b/acre.

g
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(5) Butyne Diel

Butyne diol was applied in three treatments at rates of
4.5, 6.0, and 11.0 1t/acre in May and November. The chemical was ineffer~
tive and resulted in only slight defoliation ratings in 3 to 4 weeks.
Regrowth took place rapidly following initial desiccant action.

(6) Tributyl Phosphate

Tributyl phosphate, an active desiccant and defoliant,
was tested at 10, 12, and 24.0 lb/acre during the early- and late-rainy
season. The chemical was rated ineffective under the test conditioms,
8 only slight defolifation occurred 2 to 4 weeks after treatment, Effects

" were noted principally in the dominant canopy.

‘b. Herbicides

Selective herbicides that were evaluated included dicamba
(amine and acid formulatioms), amitrole, and Tordon applied single and
in combination with diquat or 2,4-D. Oaly limited amounts of Tordon
were available and tests were limited to single rates on replicate 5-
acre plots.

(1) Dicamba

Dicamba amine was applied in water solutions at rates of
6.0 to 15.0 1b/acre dicamba acid equivalent, These rainy-season applica-
tions gave a moderate degree of defoliation., At the 15,0-1b/acre rate,
defoliation approached the effective percentage during the fourth month
but, in general, treatments were less effective than corresponding rates

of Purple, Pink, or Orange.
' Dicamba acid at 10.8 lb/acre in a 1:3 butanol-water

~ emulsion gave effective defoliation ratings for 2 to 5 months on Test

Sites I and II from applications during the dry season (March 1965).
A lower rate (3.9 lb/acre) of dicamba acid was not effective,

(2) Tordon

' Torden was applied singly as a potassium salt and in mixtures
with 2,4-D, diquat, or Orange.

Bffective defoliation was obtained over a 2~ to 6-month
period with the diquat-Tordon mixture (2.5 and 1.2 lb/acre, respectively)
applied during the rainy season on Test Site II. Ratings declined below
the effective level at the 8- to 9-month reading, ‘

T4
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Tordon in combination with 2,4<D amine at 2.3 and 5.3
1b/acre, respectively, gave effective defoliation 4 to 6 months after
treatment during the late rainy season,

Tordon was applied alone at a single rate (2.8 lb/acre)
during the dry season. Somewhat variable but generally ineffective
results were obtained through the 5-month evaluation period. Increased
effectiveness was noted at the last rating.

An additional combination treatment of Tordon and Orange
is discussed under Section X,A,l,d.

(3) Amitrole

Amitrole applied at a rate of 6.3 lb/acre in water solu-
tion vtth surfactant barely gave an indication of treatment in the months
following application, Slight chlorosis or yellowing of foliage in the
dominant canopy and in some of the more susceptible shrub species was
the main evidence of treatment.

B. MEASUREMENT OF UPPER CANOPY DEFOLIATION BY VERTICAL PHOTOGRAPHY

Photographic records of defolfation as measured by canopy obscuration
were obtained for the entire series of test applications including 14
untreated control plots on each test site. Data in Tables 6 to 8 show
the maximum decrease in percentage obscuration due to treatment according
to the equation:

& obsc, prior to treatment « % obsc. at max. effect

% obsc, prior to treatment

Additional data include a summary of the number of montha to maximum
effect, duration of the maximum effect, and the number of months to 507
recovery of the original pretreatment conditiom,

Seasonal trends in obscuration based on data from untreated control
plots for the two test sites are shown in Figure 18. Obscuration values
decreased markedly during the dry season from January to April as affected
by the deciduous character of the vegetation. Test Site II showed a
greater seasonal change than Site I because of the prevalence of deciduous
shrubs and lack of overstory dominants,

1. Purple, Orange, Pink, and Dinoxol
Meaan treatment data for the two test sites are shown in Table 6

for applications of Purple, Orange, »ink, and Dinoxol arranged by dosage
rate groups, without regard to season of application,
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TABLE 6. EFFECTS CF PURPLE, ORANGE, AND RELATED HERBICIDES
ON UPPER CANOPY FOLIAGE AS MEASUREDZ’ BY CHANGE
IN VERTICAL OBSCURATION
Rate, Maximum % Months
1b/acre Decreased to Max. Duration to 50%
Chemical Treatment _a.e.h Obscuration Effect Max. Effect Recuvery ;
|
0.5 to 1.0 gal/acre (4 to 8,5 lb/acre i
Purple 89 5.6 47.0 1.7 1.5 4.0 i
60 6.0 78.0 3.0 1.5 6.0 i
28 6.5 42.0 2.0 2.0 12.0 '
88 7.8 45.0 2.0 1.0 4.0 |
3 L4 52.5 2.3 L3 a3 {
Mean 6.7 52.9 2.2 1.5 6.1 |
Orange 69 6.0 38.5 2.0 1.0 3.0
64 5.6 70.0 2.0 2.0 3.9
97 6.6 61.5 2.2 2.0 -c/
63 8.6 2.0 2.0 Lo 3.0
Mean 6.7 48.5 2.1 1.5 4.0 |
Pink 58 5.2 65.0 3.0 3.0 9.0
29 4.5 36.8 2.0 2.0 5.0
59 6.0 77.0 4.0 3.0 8.0
9% 6.2 77.5 2.0 1.5 -
2 8.0 6.5 3.5 2.0 6.0
Mean 6.0 62.6 2.9 2.3 7.0
Dinoxol 35 4.0 48.5 2.7 2.0 /.0
37 6.0 69.0 4.0 3.5 >10.0
Mean 5.0 58.8 3.4 2.7 8.5
0tol al/acre (8 lb/acre
Purple 1 10.3 61.0 3.0 6.0 6.0
86 10.0 47.5 1.5 1.7 3.5
LY 10.3 50.0 3.5 2.0 6.5
55 28 8Ls 2.7 L3 6.5
Mean 10.1 60.0 2.7 2.8 5.6
Orange 93 11.4 68.0 2.5 - -
98 8.8 64.0 2.5 - -
62 10,0 66,0 1.0 0 4,0
Mean 10,1 66.0 2.0 2.0 4.0
2
-
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Rate, Maximum % Moaths
. lb/acfe Decreased to Max. Duration to 507
Chemical Treatment a.e.l Obscuration Effect Max. Effect Recovery
Pink 92 3.8 42,5 2.3 2.0 -
56 11.2 81.5 3.2 <.5 6.5
Mean 10.0 62.0 2.9 2.25 6.5
Dinoxol 36 10.0 65.5 3.75 3.5 12.0
1.5 to 2.0 gal/acre (12.5 to 17.5 lb/acre
Purple 87 14.6 52,5 1.5 1.0 4.0
7 15.4 15.0 1.0 3.0 5.0
Mean 15.0 63.75 1.2 2,0 4.5
Orange 96 15.2 72.0 1.7 - -
Pink 93 14.8 62.0 2.0 1.5 >3.0
4 13,6 61.5 3.0 2.5 5.9
54 17.2 69.0 4.0 1.5 5.0
91 17.6 65.5 2.3 2.0 >3.5
Mean 15.8 64.5 2.9 1.9 >4.0
2,0 to 2.5 gal/acre (17.5 to 22.5 lb/acre)
Purple 33 18.0 85.0 5.0 3.0 9.5
90 22.4 63.0 3.0 1.5 >4.0
Mean 20.2 79.0 4.5 2,25 >6.75
Orange 61 21.5 95.0 4,0 4.0 >8.0
Pink 31 20.0 84.0 1.5 4.5 12.0
3.0 gal/acre (25 to 27 1b/acre)
Purple 30 25.0 71.5 3.0 6.0 >12.0
9 25.8 83.0 4.0 2.0 7.0
52 27.0 70.0 4.5 3.0 10.5
Mean 25.9 74.8 3.8 3.7 9.8

a. Data represent means of individual treatments and rate groups.

b. Acid equivalent,
Readings incomplete at time of publicationm.

¢. No data.
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TABLE 8. EFFECT OF TORDON AND MIXES CORTAINING TORDON ON UPPER : —

CANOPY FOLIAGE AS MEASURED BY CHANGE IN VERTICAL O3SCURATION : o=
. Rate, Maximm % Months Shewes
Treat- 1b/acre Decreased to Max, Duration to 50%
Chemical ment a.e, Obscuration Effect Max, Effect Recovery
" Ve remr
) Tordon 75 2.8 54,5 2.0 3.0 5.0/
Tordon + 51 2.3+5.3 78.0 5.5 >2.0 >9.0 : f\:-
2,4-D el
Tordon + 99  0.5+9.1 74.2 1.25 >1.0 ~b/ o
Orange o
Tordon + 50 1.242.5 79.0 4.0 3.5 >6.0 e
Diquat o

a, Greater than last observation. )
b, No data. Did not recover to 50%. . e -

Defoliation response from Purple treatments expressed as maximum
decrease in obscuration increased with dosage rate from a valus of 53% L
for applications of 6.7 lb/acre to 75% for treatments at 25.9 lb/acrc
(3 gal/acre of total ssters).

Maximum decrease in obscuration from Purple occurred generally
2 to 4 months after treatment and maximum effect persisted from 1.5 to v
) 3.7 months as indicated by group mean data (Table 6). Treatment effects : 7
: ‘as measured by the period to 507 recovery lasted from 4.5 to 10 months at S
the highest rate of application,

Figure 19 shows the trend i{n maximum percentage of decrease in
obscuration as related to the rate of application of Purple. Duration
of defoliation as the period of maximum effect, and number of months
required for 50% recovery of the maximum effect increases at higher
dosage rates (Pigure 20).

i
!

Orange showed defoliation respovses similar to those of Purple.
Values for saximum decrease in obscuration werse slightly higher at dosage
rates of 15 and 20 1lb/acrs.

(Y

Pink treatments gave closely similar data to those of Purple in
’ degree and duration of defoliation at comparable rates. Dinoxol applied
at minimal dosage rates was slightly more effective than Purple or Orange;
at 6.0 1b/acre Dinoxol gave 69% defoliation response compared with responses
of 50 to 60X from Purple or Orange.
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2. Salected Defoliants, Desiccants, and Other Herbicides

Data for most of the other chemicals tested are shown in Tables
7 and 8.

Dicamba gave defoliation responses of 28 to 59% for treatments
ranging from 3.9 to 15.0 lb/acre, Maximum values for decrease in obscura-
tion for dicamba were considerably lower than those of Purple, Orange, or
Pink; also for cacodylic acid and diquat (Figure 21),

Cacodylic acid and diquat as desiccants gave a rapid defoliation
reaponu (2 to 6 weeks for maximum effect). Diquat gave slightly greater
defoliation response than cacodylic acid at equivalent dosage rates
(Figure 21). Both chemicals gave approximately 50% reduction in obscura~
tion at a rate of 5 lb/acre.

Of the other chemicals tested only Merphos, butyne diol, and
Endothall showed appreciable defoliation response. Marphos and Endothall
caused minimal defoliation at their highest dougo rates. Variable results
were obtained with butyne diol,

Obscuration data (Table 8) for Tordon and mixtures of Tordon with
2,4-D, Nrange, and diquat show maximum responses similar to those obtained
at the higher rates of Purple and Orange. Two of the four treatments
requived 4 to 5.5 months to attain maximum response. Approximately 80%
decrease in obscuration was obtained with treatments of Tordonm + 2,4-D
and Tordon + diquat during the late rainy season.

C. HORIZONTAL VISIBILITY

The effects of defoliation treatments on horisontal visibility were
measured on the basis of percentage of a target visible at distances of
10, 15, and 20 meters. Comparisons between initial and maximum percentage
of target visibility provide an index of defoliation effectiveness of
varfious treatments at or near the ground level.

Interception of spray by upper canopy vegetation influenced the
defoliation response in the shrub and ground cover in which horizontal
visibility measurements were taken. The ratio of max{mum to initial
horizontal visibility was consistently greater on Test Site II than on
Test Site I. On Site II only a remnant of the dominant canopy remained
and sprays ware able to penetrate the single layer of large shrubs or
small trees forming the main vegetation cover.

Init{ial and saxisum horizontal visibility data are shown in Table 9
for applications of Purpls, Orange, Pink, and Dinoxol made frowm August
1964 to June 1965. Similar data on selected desiccants and herbicides
are shown {n Table 10. Mean values ars given for target visibility
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Pigure 21. Defolistion Response of Dicamba, Cacodylic Acid, and Diquat
in Relation to Rate of Application. Data represent plot
values of maximum per cent decrease in ocbscuratiom.

Al




-
-

75 e
TABLE 9. INITIAL AND MAX1MUM HORIZONTAL VISIBILITY RESULTING
FROM APPLICATIONS OF PURPLE, ORANGE, PINK, AND DINOXOL
/
i Chemical Mean Per Cent®/ Ratio .
: - and Rate, arget bil Maximum/Ic dtial Wonths to " e
g Treatment 1b/acre Initial Maximum Visibhiltey Meximum Visibility )
2 Purple
L] ——
i 89 5.6 27 48 1.7-2.4 2-3 T
: 60 6.0 14 43 2.35-3.4 4-5
! 28 6.5 30 37 1.2-1.3 24
i 3 7.0 26 s 1.2-1.2 i-3 -
' 88 7.8 36 42 1.2-1.2 2
: 26 9.3 29 52 1.7 2
¢ 3s 9.8 21 a1 2.3-2,3 5-6
1 8 10.0 23 40 1.3-1.9 3 -
f 7 10.3 20 a1 1.3-4.9 243 :
87 14.6 21 LY 1.8-2.3 34 J
¢ ) 18.0 2 61 2.3-2.8 3-3 o
; 30 20.0 27 47 1.9 2
; 90 22.0 29 43 1.3-2.2 1-2
§ 52 27.0 22 48 1.7-2.9 2-4
30 30.0 &0 62 1.6 3 =
Orange
&b 5.3 18 36 1.8-2,1 34 o
97 6.6 23 e 1.5-1.7 3
83 8.2 28 46 1.8 2
63 8.6 27 40 1.5 1
98 8.8 13 36 2.6-2,7 1-2
62 10.0 1 10 3.0-4.0 1-3 ==
95 11.4 19 49 2.3-3.0 1-2
6 12.8 27 49 1.8 3 —~ .
9% 15.2 LT A8 1.2-1.7 1-2 o
61 21.0 19 8 2.0-2.53 2-3
Pink e
81 4.0 18 s 1.9-2.1 2
29 4.5 Y] 52 1.3-1,3 2-3 g
58 5,2 20 oS 2.1-2.1 2 -
59 6.0 1 3 2.9-h.4 24
9% 6.2 28 ss 1.9-2.0 1 o
27 8.0 23 3 1.7 3
922 8.8 20 as 1.6-3.0 1-2 N
3% 9.0 19 42 1.7-3.2 1-4 ‘
56 11.2 21 48 1.6-2,8 2-3 e
93 4.8 s 63 1.8-1.9 1 RS
54 17.2 1 43 1.3 3 e
9 17.6 30 48 1.6-1.6 1-3 .
. £} 20.5 21 [ 1.9-3.7 2-3 S
Dinomol -
L1 4.0 27 » 1.2-2.3 3 RIRTEe
- 3 6.0 21 n 1.4-1.8 1-3 )
36 10.0 27 % 1.6-2.8 1-2 PO
a. Data based om percentsge of target visible at distances of 10, 13, awd “f’"-""
20 meters, o
-
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before treatment and at the period of maximum vintbtlity. Replicate plot
data are included on the ratio of maximum to initial visibility and on the
monthly intervals at vhich maximum improvement in visibility occurred.

TABLE 10. INITIAL AND MAXIMUM HORIZONTAL VISIBILITY RESULTING FROM
APPLICATIONS OF SELECTED DESICCANTS AND HERBICIDES

Chemical Mean Per Cent®/ Ratio
and Rate, Target Visibility Maximum/Initial Months to
Treatment 1b/acre Initisl Maximum Visibilicy Maximum Visibility

Cacodylic Acid

70 1.8 32 60 . 1.5-3,0 2

71 3.4 21 60 2.5-3.6 2-4

42 6.0 29 L1 1.3-3.6 0.7-1
Diquat

72 2.2 30 L1 1,7-2.0 2

o4 2.8 22 41 1.5-2.8 0.5-0.7

73 3.8 36 ss 1.5-1.6 1-2

43 5.0 18 42 2.2-2.7 0.5-3
Dicamba

78 3.9 17 29 1.2-1.8 2-3

43 6.3 22 32 2.2 L)

23 7.0 3 45 1.3-1.5 2-3

77 10.8 20 43 2.1-2.2 2-3

22 15.0 47 63 1.4-1.8 4
Tordon

73 2.8 36 45 1.2-1.4 3
Tordon + Diquat

50 1.242.5 28 4 1.7-2.3 5=-6
Tordon + 2,4-D

s1 2.345.3 10 58 5.1-7.9 6
Tordom + Orange

99 0.%9.1 40 48 1.0-1.6 2-3

8. Data based on percentage of target visible at distances of 10, 15, and
20 meters. .

i

v—




C T N 0 SIUTER— T -
N N e T Y S - < \ —— T
N PR 93 TN - = \ v SR

\
R Xy
77 o
. The serles of Purple treatments averaging 13.6 lb/acre acid equivalent 2
; (Table 9) resulted in a mean maximum visibility of 45% (range 35 to 65%) ,
H as comparad with a mean initial visibilicy of 26% (range 14 to 40%). r——
b Slightly higher visibilities were obtained with increase in rate (Figure ' y
; . 22). Maximum increase in visibility occurred at approximstely 3 months. ;
b As mesasured by the horizontal visibility technique, applications of
; y y ’ ‘
[ Orange at 5.5 to 21.0 lb/acre resulted in a maximum mean visibility increase . [&y_-‘
i of 42% (range 30 to 49%) as compared with an initial mean visibility of 227 ;
¢ (range 11 to 34%) (Table 9). Canopy effects from Orange spplications made o
% during the dry season and in the early rainy period showed little differ- )
ence in horizontal visibility with rate of chemical applied. Py
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Figure 22. Relation of Meximum Increase in Horizontal Vieibility to .
N : Dosage Rate of Purple Applied. Data represent trestment -
msans of the ratio of poust- to pre-treatment visibility. »
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Applications of Firk gave mean values for initi{al and maximum visibility
similar to those of Purple and Orange. Maximum visibility was obtained 2
months after application. No significant trends were noted with increased
rates, Dinoxol gave comparable increases in visibility to the other
herbicides. ‘

Data for cacedylic acid and diquat (Table 10) show increases in hori-
zontal visibility equivalent to or greater than those of Purple and Orange.
Cacodylic acid produced maxinum visibility in 3 to 4 weeks after treatment
at 6.0 lb/acre. Maximum visibility of 55 to 607 from cacodylic acid was
equivalent to that obtained with 15 to 25 lb/acre (2 to 3 gal/acre) of
Purple. Diquat gave slightly less improvement in horizontal visibility
than cacodylic acid. Treatment 44 at 2.8 1lb/acre gave maximum visibility

in 2 to 3 weeks.

Dicamba applied as acid or amine at rates of 3.9 to 15.0 1b/acre was
iess effective than Purple or Orange. One replicate applied at 15.0
1b/acre gave a maximum visibility of 63% but ust improvement over the
initial reading was only 16%.

Tordon applied singly or in combination with other chemicals caused
varisble increases in horizontal visibility. Late rainy-season ureatments
of Tordon in mixture with. diquat or 2,4-D were more effective than a dry-
season application of Tordon alone. Treatment 51, consisting of Tordon
and 2,4-D, gave the highest percentage increase in horizontal visibility
of the entire test program but initial visibility was also the minimum
of all treatments. In general, Tordon treatments attained maximum visibility
3 to 6 months after application. »

D. AERTAL PHOTOGRAPHS

Aerial panchromatic photographs of portions of Test Sites I and II
are shown in Figures 23 and 24, respectively. In Test Site I effective

' treatments are clearly evident in the unbroken forest canopy. A sugarcane

plantation adjoins the eastern border of this site. Scattered large
deciduous trees of the dominant canopy are visible throughout the area.

Pigure 24 shows the calibration grid of Test Site II in the upper left
portion. Secondary forest and shrub aspect of the vegetation are evident
as well as previeusly cultivated clearings.

rigurcl 25 and 26 show portions of Test Sites I and II photographed
with infrared film. Treatment plots with dead or dying vegetation
photograph black in contrast to the lighter shades of untreated vegetation.
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Pigure 23,

Crus owm

Portion of Test Site I Showing Treated Plots
betweean Lane 3 (at the Bottom) and Lane 8
(Near the Top). Panchromatic film, scale
1:15,000. Pebruary 1965.
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Figure 24,

Portion of Test Site II Showing Treated Plots

on Lanes G, H, and N in Upper Left. Calibration
grid in lower left. Lane Q is roughly parallel
to the road in lower right. Panchromatic film,
scale 1:15,000. Pebruary 1965.
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Detail of Portion of Test Site I Showing Dense Porest
Canopy aud Plot Treatments between Upper Lanes 1 and 3.
Infrared film, scale 1:5,000, Treated plots photograph
black. May 1965,

81

i
i
)
B
!

o

S

S PR SO LI



R e U L

P T W R L S A A g A A e AR e

Loaed s 2L

o ad

82

Pigure 26. Detail of Test Site II Showing Partially Cleared
Shrubby Vegetation and Treatment Plots between
Lanes Q, P, and 0. Treated areas photograph
black on infrared film, scale 1:5,000. May 1965.
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E. EVALUATION OF CHEMICALS

Evaluations of chemicals are presented in outline form with tentative
recommendations based on the conditions of the test program.

1. Purple

a. Chemical Nams

§
'
LY

50% n-butyl ester of 2,4-D; 30% n-butyl ester of 2,4 5-'r,
and 20% iso-butyl ester of 2,4,5-T

b. Test Record

Number of treatments: 20

! Rates: 5.6 to 30,0 lb/acre acid equivalent (0.65 to 3.5
i gal/acre total estar)

‘ Volumes: 0,65 to 5.4 gal/acre

] Seagons: early rainy, late rainy, dry, early rainy

c. Type of Chemical

Herbicide, causing defoliation in 1 or 2 months and partial
i or complete top kill

d, Treatment Effects
(1) Rate

The degree of defoliation as expressed by percentage

] maximum response and the duratfon of an effective level of defoliation
increased with the rate of Purple applied (Table 1l). An effective level
of defoliation, 60 to 65% or more as judged by visual estimates and verti-
cal obscuration technique, was obtained with applications of Purple at
1.5 gal/acre (10 1b/acre) or more. The effective level of defoliation
was reached at all rates within 2 months of the date of applications made
during the growing season. Applicatioms of 15 lb/acre or 2 gal/acre of
total esters gave an average maximum effect of 70%, and effactive duration
lasted for 2.2 months or until 4 to 6 months after the chemical was applied.
Applications of 25 1b/acre or 3 gal/acre of total ester caused an average
maximm defoliation of 757 as measured by both visual escimates and verti-
cal photography. The period of effective defoliation at this rate lasted

. for 3.4 wonths beyond the 2-month interval at which the defoliation level
becams effective (Figure 27).

o For effectiv increase in air-to-ground visibility and some
improvement in lateral visibility at eye level in the range of vegetation
conditions represented by the two test aites, a mninimum effective rate of
15 1b/acre acid equivalent or 2.0 gal/acre of total ester is recoumended.
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Regpomnse from Purple Apolied at 27 Ib/acre

(3.0 gal/acre) at Test site II.

Pretreatment, December 1964,
Three months after treatment.
Nine months after treatment,

8ix mouths after treatasnt.

Defoliation

A.
| B
c‘
D.

Yigure 27.
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TABLE 11. DEFOLIATION RESPONSE WITH PURPLE
USING THREE EVALUATION TECHNIQUES

Mean Rate, lb[ac;e

Defoliacion Response 10 15 20 25

% Maxi{imum Effect

Visual Estimate 54 70 73 75
Vertical Obscuration 60 64 79 75
Horizontal Visibility 42 49 51 53

Months to Maximum Effect

Visual Estimate 3.1 2.7 3.3 3.8

Vertical Obscuration 2.7 1.2 4.5 3.8

Horisontal Visibility 3.1 37 2.5 3.0
Duration of Effective Defoliation, mthll .

Visual Retimate 1.3 2.2 3.2 3.4

(2) Volume

Effectiveness of Purple treatments was influenced more by
rate than by volume. Applications of 1 to 1.5 gal/acre of Purple as pure
chemica) or diluted with equal volumes of diesel fuel produced similar
defoliation resvonse.

Satisfactory spray coverage and pcuntiati.on of jungle
vegetation was obtained with applications of 1.5 to 2.0 gal/acre with a
droplet size of 275 to 350 microns MMD.

- (3) Season

Applications of Purple were less effective in the dry
season than in the rainy or growing season. Purple is a systemic growth-
rugulating herbicide and the principal responses of the plant to the
ciemicil are made during active growth. The herbicidal and defoliation
respcase may7 be delayed until active growth starts, as for treatments
made in April at the end of the dry ssason. Treatments 1 thru 7 (Table 3
p. 56) were appiied during April 1964 and defoliation response was delayed
until after the vainy sesson began in May.
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Effective defoliation values were obtained during the
dry aeason at the higher rates of application, especially on Test Site II.
The pronounced natural defoliation occurring from February to April om
this site (Figure 18B) obviously contributed to the total defoliation
. estimates. The true effectiveness of chemical treatments applied during e
this period is therefore difficult to establish. o

. (4) Site

* Defoliation response was greater in the secondary forest
and shrud vegetation of Test Site II than in undisturbed forest of Test
Site I, as measured by all evaluation techniques. This difference is due,
in part, to better opportunity for spray penetration in the secondary —_
vegetation and to the substantial numbers of species that responded P,
readily to treatment with Purple. =

.. Rmkh

The deciduous trees of the dominant layer or upper cancpy
showed a greater defoliation and herbicidal response than evergreen
trees and shrubs. Soms species of the intermediate tree and shrub layer
showad regrowth initiating 4 to 6 months after treatment.

£. Recommsndations

A minimm rate of 15 lb/acre acid equivalent or 2.0 gal/acre
of Purple is recommended for effactive defoliation in vegstation types
represented in the test location. Applications should dbe limited to
the rainy or growing season, '

Application rate of 10 1b/acre or approximately 1.5 gal/acre
may be used in secondary forest or shrub vegetation of low stature and

dcnnit;y.
A ninisum application volume of 1.5 gal/acre {s desirable. ==
2. Orange o
. Chemical Mama S

S0% p-butyl ester of 2,4~D and 50% n-buty‘l ester of 2,4,5-T
b. Test Record

Number of treatments: 10

Ratep: 5.4 to 21.0 1b/acre acid equivalent
* " 0.7 to 2,5 gal/acre of total esters

,Volumss: 1.0 to 2.5 gal/acre

Seasons: dry, early rainy

4> S
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¢. Type of Chemical

Herbicide, similar to Purple in defoliation and herbicidal
responses :

d. Treatment Effects
(1) Rate ‘ .

Increase in defoliation response with increase in rate
sim{lar to Purple. As measured by vertical obscuration values, maximum
defoliation response increased from 55% with applications of 6.7 lb/acre -
to 95% at 21,0 1b/acre (Figure 28). L

N e e

3 Effective defoliation occurred on both test sites with
3 applications of 10 to 12 1lb/acra.

(2) Volume .

f Volume requirements are similar to Purple. Addition of
diessl fuel to chemical mixtures did not increase effectiveness.

(3) Season

3 Early rainy-season treatments gave effective defoliatiom,
: particularly on Test Site II, :

Dry-ninon treatments at 2.5 gal/acre (21.0 1b/acre) gave
effective defoliation on Test Site I but lower rates were ineffective.

(4) site

Differences in response on Test Sites I and II were
similar to Purple. » e

e, Remarks .

3 * Tt
On the basis of short-term evaluations of dry-season and early- .
growing-sasson treatments, Orange was equal in effectiveness to Purple. :
Orange appeared to produce & more rapid defoliation response than Purpls; m—
waximum horizontal visibility was attained 1 to 2 months after treatment e
' with Orange as compared with that of 2 to 4 months for Purple. =

£. Recommendations

Orange is equivalent to Purple in defoliation effectiveness
on the basis of short-term evaluations.

The same rate that was recommended for Purple (15 1b/acre
or 2.0 gal/acre) can be used for Orange. |

e =
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3. Pink RS
&, Chemical Name —
* Y 60% n-butyl ester and 40% iso-butyl ester of 2,4,5-T
b. Test Record . :__
; Number of treatments: 17
. Rates: 4.0 to 20,0 lb/acre acid equivalent B
d 0.5 to 2.5 gal/acre of total ester '
4 Volumes: 0.5 to 6.0 gal/acre
Seasons: early rainy, late rainy, dry, early rainy _
c. Type of Chemical '
‘ Herbicide, similar in defoliation response to Purple
, d. Treatment Effects
4 (1) Rate
¢
¥ Applications of Pink jave effective defoliation at a
lower rate than Purple., Duration of effective defolistion was greater
than that obtained with Purple or Orange, extending for an 8~ or 9-month
period at rates of 2.0 gal/acre or more.
Applications at the rate of 8 to 10 1b/acre (1 gal/acre
of total ester) appeared to be & minimal effective dosage level.
(2) Volums
Dilution of Pink with diesel fuel at ratios of one part -
chexical to one, two, or five parts diesel fuel did not significantly
increase effectiveness. e
Minimm total volume of 1.5 gal/acre is needed for adequate
spray coverags, N
(3) Season e
Response was similar to Purple.
) Apparently, effective defoliation was obtained on Test
Site II at rates of 11 to 17 1lb/acre during the dry seascn.

* (4) site
Response was similar to Purple.
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e. Remarks
Pink was generally superior to Purple in percentage of defolia-
tion and in duration of effective defoliation based on visual estimates,
vertical photography, and horizontal visibility techniques,

Detailed comparative analysis of effects of the two herbicides
will be published in a subsequent report.

f; Recommendations

Pink can be applied for effective defoliation during the grow-
ing season at 1.5 gal/acre or 15 lb/acre acid equivalent,

4, Dinoxol
a. Chemical Name

50% butoxy ethanol ester of 2,4=D and 50% butoxy ethanol
ester of 2,4,5-T

b. Test Record
Number of treatments: 3
Rates: 4.0 to 10.0 lb/acre
Volumes: 1.0 to 3.0 gal/acre
Season: latg rainy season
c. Type of Chemical
Herbicide, similar to Purple
Commercial formulation, containing 4 1b/gal acid equivalent.
d. Treatment Effects |
(1) Rate
Bffective defoliation obtained on Test Site II at 10 1b/acre.
Slightly superior to Purple at lower rates tested.
(2) Volume
No direct comparisons made,

Volume of 3 gal/acre was superior to 1 gal/acre at respec~
tive rates of 6 and &4 lb/acre.
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(3) Season
No comparisons made.
(4) Site
Two of three treatments were more effactive on Test Site II.
e. Remarks
In the limited tests with this chemical, defoliation response

vas slightly superior to'that of Purple. This formulation contains an
oil base that mey have enhanced absorption and penetration of the herbicide.

f. Recommendation

Additional testing desirable. Apparently equivalent in effec-
tiveness to Purple or Orange.

5. Cacodylic Acid (Including sodium cacodylate - code name Blue)
a, Chemical Name
Dimethyl arsinic acid
Sodium salt of dimethyl areinic acid
b, Test Record

Wusber of treatments: S
Rates: 1.8 to €.0 1lb/acre

Volumes: 0.9 to 2.8 gal/acre
Seasons: early rainy, late rainy, snd dry

¢. Type of Chemical

Desiccant, causing rapid defoliatiom.
d. Treatment Effects .-
(1) Rate
Defoliation effective for a period of 2 to & weeks after
treatment was obtained by applications of 3.5 to 6.0 1b/acre during both

dry and rainy sessons, The higher rate of application was needed for
effective defoliation on Test Site I (Figure 29). [

Sodium cacodylate was tested only at the minimwm rate iut
appeared to be comparable in effect to cscodylic acid.
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Defoliation Response from Cacodylic Acid Applied at 4.5 1b/acre

at
‘c
3.
co

Test Site I.

Pretreatment, May 1964,

Three weeks after treatment at maximum effect.
Three months = showing regrowth.
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(2) Volume

Spray volumes of 2 to 2.5 gal/acre are needed for adequate
coverage. ‘ ‘

) Seasons

Applications of 3.5 to 6.0 lb/acre were effective in
either a dry or rainy season.

Regrowth occurrad rapidly following rainy-season applica-
tions. Defoliation ratings of 2ffective treatments were less than 50%
3 months after application.

(4) site

Conpaubla results were obtained on the two test sites
according to visual estimates. Improvement in horizontal visibility
was greater on Test Site II.

e. Remarks

Both cacodylic acid and diquat were effective defoliants for
short periods. A high percentage of leaf fall occurred in 1 or-2 veeks
but vegetation recovered raptdly, particularly under favorable moisture
condlttonl.

Cacodylic acid was cffcctivc in both dry- and rainy-season
applications; diquat was effsctive in the growing season only.

Cacodylic acid produced slightly less defoliation of the
upper canopy than diquat as evaluated by visual estimates and vertical
photography. Cacodylic acid at 6.0 lb/acre gave defoliation response
equivalent to Purple or Orange at 15 1lb/acre.

Improvement in horisontal vinibiutyﬁbtuned with cacodylic
acid at rates of 1.8 to 6,0 1lb/acre was equivalent to that of Purple or
Orange applied at 2 to 3 gal/acre.

£. Recommendations

Cacodylic acid {s recommended for rapid defoliation during
the growing season or dry season. Applications of S to 6 lb/acre of
cacodylic acid or sodium cacodylate in a volume of 2.5 to 3.0 gal/acre
give effective defoliatiom. .

!
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6. Diquat

a. Chemical Name
1:1'Ethylene-2:2"'dipyridylium dibromide

b. Test Record
Number of treatments: 6 with diquat alone; 1 in mixture with

amitrole; 1 in mixture with Tordon

Rates: 2.2.to 5.0 1lb/acre
Volumes: 1.1 to 3.0 gal/acre
Seasons: early rainy, late rainy, and dry

¢. Type of Chemical
Desiccant, causing rapid defoliation

d. Treatment Effects
(1) Rate

Rates of 3 to 5 1b/acre vere required for effective
defoliation, Maximum effecc occurred 2 to 4 weeks following treatment.

Treatments in undisturbed forest vegetation of Tas.
Site I were marginal in effectivencss &t the maximum rate.

(2) Volums
Spray applications of 2.0 to 3.0 gal/acre gav: adequate
coverage in forest and secondary growth vegetation. Water was used as
a diluent,
(3) Seasom

Diquat was effective during the growing season omnly.
Dry-season treatments were ineffective at a 4 lb/acre rate.

‘ A dry-season application of diquat at 4.8 1b/acre in
mixture with 7.2 1b/acre of amitrole was ineffective.

(4) sita
Diquat was marginal in effectiveness on Test Site I but

gave as much as 85% defollation on Test 8ite II from late rainy-sesson
applications at 5.0 lb/acra.
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e. Remarks

Diquat caused rapid defoliation similar to that of cacodylic
acid. Maximum effect was noted in 2 to 4 weeks but regrowth occurred
rapidly.

Diquat gave slightly less improvement im horizontal visibility
than cacodylic acfd. As evaluated by vertical photography and visual .
estimates, the two chemicals gave equivalent response. ‘

A mixture of diquat with Tordon at rates of 2.5 1b/acre and
1.2 1b/acre, respectively, was effective 3 to 5 months after treatment,

£f. Recommendations

Diquat is an effective rapid-acting desiccant. Applications
of 3 to 5 1b/acre give effective defoliation for a period of 2 to & weeks
after treatment. ‘ .

Diquat is comparable in effect and rate of actiom to cacodylic
acid. The latter is preferred for use as a rapid defoliant.

Mixturés of Tordon and diquat should be given additional
testing under similar site conditioms. '

7. Dicamba
4. Chemical Name

2-methoxy~3,6-dichlorobensoic acid (Available as acid and
amnine salt)

b. Test Record

Number of treatments: 3
Rates: 3.9 to 15.0 lb/acre
Volumes: 1.3 to 3.4 gal/acre
Seasons: early rsiny, late rainy, dry
¢. Type of Chemical f
Herbicide
d. Treatment Effects
(1) Rate

Dicemba acid applied in the dry weason at 11 1b/acre in
butanol-water emulsfon gave apparent effective visusl ratings for S
months, Data indicated treatment was msrgimsl or ineffective.
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Dicamba amine applied at 15 lb/acre during early rainy
season gave barely effective defoliation & to 5 months after treatment,

(2) Volume
Volume comparisons not available.

Three gallons per acre of water or emulsion sprays adequate
for coverage.

(3) Season

Marginal response in rainy season; marginal to ineffective
during the dry seasom.

(4) site

Variable response; two of three treatments superior on
Test Site II. :

e. Remarks

Dicamba gave warginal defoliation response; inferior to Purple,
Orange, or Pink.

Dicamba amine was readily applied in water.
L ]

Acid formulati{on {s not soluble in water or oil and required
butanol-water emulsion as solvent. .

Not suitable for operational use.
f. Recommandetions
Minimal in effectiveness at 15 1b/acre.
Ihfori.or to Purple or Orange.
Amine formulation of possible use in additional tests in

" mixtures with cacodylic acid or other water-soluble chemicals.

8. Tordon
a. Chemical Kame

. A-eamino-3,5,6-trichloropicolinic acid, available as potassium
salt
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b. Test Record

Number of treatments: 4
Rates: 2.8 lb/acre
1.2 lb/acre with 2.5 lb/acre diquat
2.3 1b/acre with 5.3 1lb/acre 2,4-D amine
0.5 1b/acre with 9.1 1b/acre Orange
Volumes: 1.5 to 3.2 gal/acre
Seasons: Late rainy, dry, early rainy

c. Type of Chemical
Herbicide
d. Treatment Effects

(1) Rate

.

Tordon applied singly during dry season at 2.8 lb/acre gave
urginauy effective defoliation for 4 months; incressed response vas
observed in the 5th month.

4 In combination with diquat, late rainy-season applications
were effective from 3 to 5 months after treatment.

With 2,4-D, Tordon at 2.3 1b/acre was effective from & to
6 months after treatment; visual estimates of 80 to 90% defoliation wers
recorded at 5 wonths; maximum effect (78 to 79%) was observed by the
photographic method at 2 to 5 months., The combination of 2,4-D and Tordon
gave the greatest increase in horiszontal visibility in the entire test

program.
Tordon at 0.5 1b/acre with Orange (9.1 lb/acre) showed
no significant difference in defoliation from Orange treatments hcnng
Tordon. Maximum effect was reached in 1 month.
(2) Volume
No significant comparisons can be made.
Volume of 3 gal/acre appears to be satisfactory.
(3) Season

Tordon applied during the dry season was marginally effec-
tive but showed an increase in effect at the end of 5 months.

Rainy-season applications of Tordom with 2,4-D and diquat
were effective at ratas used.
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(4) site

Three of four treatments wexe restricted to Test Site IX.

Mo significant comparisens.

e. Remarks

Tordon {s a potent herbicide. Defoliation responses at 2.8
1b/acre wers equivalent to treatments with Purple or Urange at 10 1lb/acre.

The small amount of Tordon available severely limited the
nusber of tests, and most trestments were made in combinations with

other chemicals.

Herbicidal response to Tordon is slower than that from Purple
or Orange, reaching msximum in 4 to 6 months.

f. Recommandations

Highly effective defoliation was obtained with the combination
of 2 1b/acre Tordon snd 5 lb/acre of 2,4+D amine in a single test.

An additional test of 1.2 1b/acre Tordon and 2.5 lb/acre diquat
was effective for a 2- to 6-month period.

This chemical deserves additional testing vhen applied singly
or in mixtures with other chemicals. Rates of 2 to & lb/acre are suggested.

9. Endothall
. 8. Chemical Name
3,6-endaxochexahydrophthalic acid
disodi 5 3,6~endaxochexahydrophthalate
b. Test Record
Nusber of trsatments: & with %ndothall ealt
3 vith Fadothall acid

Rates: 1.0 to 5.5 lb/acre
Voiumes: 1.2 to 4.0 gal/acre

¢c. Type of Chemical
Defolisat
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d. Treatment vlff'octl

(1) Rate

Maximum defoliation ratings obtained by visual estimates
and vertical photography techniques were 30 to 507% at rates of 5 to 5.5
1b/acre.

Initial defoliation of 10 to 307% was recorded in the
first 2 weeks after treatment, Maximal eftect occurred 1 to 1.5 months

after treatment,

(2) Volume

No comparisons of volume were made but 2,5 to 4.0 gal/acre

gave satisfactory spray coverage.

(3) Season

No valid comparisons. Growing-season treatments gave
paximum defoliatiom, : -

(4) Site
) No valid comparisons.
e. Remarks

Treatments with Bndothall vere {neffective at rates up to
5.5 1b/acre. ’

Some specias showed defoliation response within one week
after treatment.’

f. Recommandation
Not suitable aa a defoliant und’cr test site conditions.
10. Ineffective Chemicals |
a. Amitrole
(1) Chemical Rame
3-amino~1,2,4-triagole

1
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(2) Test Record
Single treatment at 6.3 1lb/acre

A

Additional treatment at 7.2 lb/acre in mixture with diquat
at 4,8 1b/acre

(3) Type of Chemical
Herbicide, effective in control of certain woody plants.
(4) Remarks
Armitrole gave no recordable defoliation in applications at
6 1b/acre in late rainy season or in mixture with diquat in a dry-season

application.

Slight chlorosis of the upper canopy foliage was spparent
in aerial observations.

(5) Recommendation
Not effective.
b, Butyne diol
(1) Chemical Name
2-Butyne-1,4-di0l
(2) Test Record

Three treatments at rates of 4.5 to 11.0 1b/acre during
the early- a?d'lltc-rainy seasors, ’

(3) Type of Chemical
Defoliant and desiccant.
{4) Remarks

Butyne diol was ineffective and resulted in omly slight
defoliation ratings at 3 to 4 weeks. '

{5) Recommendation

Not effective.
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¢. FPolex; Merphos
(1) Chemical Name
Tributyl phosphorotrithioite

Formulated as Merphos, an oiflesoludle conccntracc, and
Folex, an emulsifiable concentratc. :

(2) Test Record

Five treatments at rates of 6 to 28 lb/lcrc during the
early- and late-rainy seasons.

(3) Type of Chemical
Defoliant
(4) Remarks
High rates of Merphos (22 and 28 1b/acre applied in diesel

fuel) gave approximately 50 to 6C% defoliation at 1 to 3 weeks as measured.

by the vertical obscuration tnchniquo-. Ratings by visual estimates did
not exceed 157 defoliatiom.

Major effect was in the upper canopy layer.
(5) Recommendation
Not effective.
d. Tributyl Phosphate
(1) Chemical Name
Tributyl phosphate
{(2) Test ioéord

Three treatments at rates of 10 to 24 1b/acre during the
early- and late-rainy season.

(3) Type of Chemical
Desiccant.
(4) Remarks

Tributyl phosphate gave negligible defoliation within the
first 2 veeks after treatment.

(5) Recommendation
Not effective.
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XL.__DISCUSSION

A. GRNERAL RESPONSES TO DEFOLIANY CHEMICALS

General similarities were noted for the entire group of chemicals in
the test program in response to several variasbles and conditions of the
test.

1. Season of Application

The season of application and the related climatic and soil moisture
conditions were important variables affecting the responses of vegetation
to chemical treatments. The monsoon rainy season that extends from May to
Novamber in the test area {s normally a period of active growth of the dry
evergreen forest (Figure 30).

Purple, Pink, Orange and other growth-regulator herbicides gave
mors effective defolistion response from applications made during the
rainy or growing season than in the dry sesson under conditions of defi-
cient soil moisture for plant growth. This seasonal effect on defoliation
was noted particularly on Test Site I om which dry-season applications of
Purple were ineffective at rates up to 3.0 gal/acre. By contrast, applica-
tions of Purple at 1 gal/acre during the growing season gave effective
defoliation at this site.

Natural defoliation of woody species was more evident on Test
8ite II during the dry season. Boms of the relatively high defoliation
ratings from the visusl estimate technique obtained on this site in the
dry season include the affscts of both natural and chemically-induced
defoliation (Figure 31).

The two desiccants, cacodylic acid and diquat, differed in their
affectiveness in dry-season applications. Cacodylic scid was effective
in both rainy- and dry-season treatments. Diquat appearsd to be more
affective when applied during the rainy season. Digquat has been demon-
strated to exhibit limited translocation following folisr absorptiom,
thus enhancing its action during periods of plant growth. Cacodylic acid,
on the other hand, produced primsrily a contact effect snd was not
appreciadbly influsnced by the growth conditions of the plsats.

The natural responses of vegetation cover to the cycles of dry
and rainy sesscns on the two test sites are shown im Figures 18, 30, sud
31, as observed on untreated controls by the vertical photography tech-
nique. Greater amplituds of sesscmal voristion im cemopy demsity is noted
at Test Site II than in Test Site I. The vegetation ‘a the latler site
consisted ¢ wadisturbed forest with & more or less coutimwous {antermediaste
tree layer i evergreen species umder a scattsred canepy of mixned evergrema
and d-ciduous trees. On Test Sits II the msjor species componsnts werse
deciduous, resulting in msrkad sessonsl cheuges in foliage demsity betweem
the vet and dry seasomns.
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Soasensl Yeliation Chauges st Test Site I in am Untreated Comtrol

A.
'.
C.
'.

Mid-reiny sesscn, Sept 1944,
Rarly dry sessos, Jam 1945.
Late dry seasom, April 1968.
Rarly vainy sessom, Jume 1965.

e oV FUu S SV

-



R

e U} 11 *338

108

*€961 WOIwl ‘wosves L1p e3¢y ‘g

‘496t 3eg ‘wosves Lujni-pmy ‘¥
“3014 1033W0) peiseasug .

3983 39 seluey) wojaviiod (euseneg

‘1€ sandig

LR o e

3




109

2. Site Differences

Pairly consistent differences were found between Test Sites I and
II in the defoliation responses to most chemicals. Representative data
illustrating these differences ara shown in Table 12 for Purple, Pink,
and dacodylic acid treatments. 1In 75 to 80% of the instances in which
the same treatment was applied to plots on the two test sites, thc
response on Test Site II was greater.

TABLE 12. MEAN MAXIMUM DEFOLIATION RESPONSES ON
TEST SITES I AND X FROM SELECTED TREATMENTS

Teast % Maximum Defoliation Horizontal Visibility

Site Visual Estimate Vertical Obscuration Increase Ratio

rple: ive Treatments, mean rat 6 b/acre

I 40 43 1.5

I1 74 70 2.7
Pink: Five Treatments, mean rate 10.4 1b/acre

) S s4 54 1.8

11 75 77 1.8

This difference in response was related to differences in the
general structure, density, and species composition of the vegetation on
the two sites and the relation of these charascteristics to spray coverage
and penetration. Test Site I consisted of forest with 2 or 3 layers or
strates of trees and shrubs in the vegetation profile. A typical section
or profile included the dominant canopy of broadly spreading tree crowms
at varying heights and spacing, an intermsdiate tree layer of evergreen
species such as Streblus gevlanica that showed resistance to trestment
vith wost chemicals, and & dense shrud layer with many vines and woody
clinbers. Test Site II consiated of secondary forest or shrub vegetation
in which the major tree cover had been removed by clesaring and cutting.
The major cover consisted of small trees and shrubs, usually more open
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and subject to greater penetration of spray during treatment application
than the dense multilayered forest of Test Site I. As noted in the discus-
sion on season of application, Test Site II contained a higher proportiom
of seasonally deciduous species that showed a greater response to chemical
treatment than the predominant evergreen composition of Test Site I.

3. Species Response to Treatment

Marked differences in species defoliation response were noted
in the diverse and complex plant population of the test sites. Specias
such as Acacia comosa, Phyllanthus sp. and Cleistanthus dasyphyllus
defoliated readily from most chemical treatments. Trees including
Streblus zeylanica, Hydnocarpus ilicifolius, and several species of
Diospyros were relatively resistant to defoliation with the chemicals
tested, A detailed analysis of species response will be published in a

subsequent report.

In the more complex vegetation of Test Site I, differencas were
noted in the relative response of dominant canopy and of the shrub and
ground cover layers, attributable in part to variations in amount of
chemical spray deposited in ths upper canopy vs. the forest floor and
to possible differences in susceptibility of the species componenss to
chemical treatmsent.

4, Rates and Volumes of Application

Chenicals such as Purple, Pink, Orange, and cacodylic acid that
were tested at several rates generally showed an increase in defoliation
effectiveness at the higher rates of application. Ineffective chemicals
including BEndothall and tributyl phosphorotrithioite (Folex and Merphos)
exhibited partial defoliation response only at the higher rates tested.

Maximum defoliation responses of 85 to 907 were recorded but
complete defoliation of all species was not obtained on any treatment
plot.

Rate of chemical applied had a greater influence cn effective
defoliation than volume of spray solution applied. Evaluation of treat~ .
ments with Purple, Orange, and Pink in which 1 gal/acre of pure chemical
was compared with 2 gal/acre of a 1:1 mixture of chemical and diesel fuel
showed no significant differences in defoliation response.

Application or delivery volumes of 1.5 to 3.0 gal/acre appeared
to be adequate for Purple and other oil-soluble chemicals. Water-soluble
chemicals such as cacodylic acid required a higher delivery volume to
achieve desired levels of spray deposit because of droplet evaporatiom,
Minimun delivery volumes of 2.5 to 3.0 gal/acre of these chemicals were
needed to give satisfactory coverage and penetration of the canopy.
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B. CRITERIA FOR EVALUATION

Evaluatior of effectiveness of defoliation treatments in relation to
type of chemical, rate, volume, and seasom of application was based
principally on visual estimates and measurements of caunopy obscuration
by vertical photography. The photographic techmique furnishes a more
precise and quantitative meassure than visual estimates.

In the visual estimate method, an over-all percentage of defoliation
is obtained in which proportionate differences in defoliation in the
several layers of the vepstation profile are combined by the cbserver
into one value., In the rertical photography techniqua, the photographic
sample of the vegetation profile assumes the form of an i{nverted cone
with its tip at camera level. The 60-degree angle of the cons apex when
projected upward encloses a circular area 50 feet in diamster at a height
of approximately 45 feet. Thus, the sampla size and the proportion of
area sampled are greater in the dominant canopy "han in the shrudb layer.
However, soms .ompensation for the reduced sample size in the shzub layer
is offered by the larger negative image of this profile componemt because
of its proximity to the cameras.

Ar “minary comparison of maximm-effect data from the photographic
and vis - "~ -wate techniques showma fairly high correlation between the

two sets " 8 obtained. Mean values for 70 treatments wers 69.3%
for visua, tes va. 63.1% for vertical obscuration valuss. The
photograph: aique gives lower valuss than the visual-sstimate method

because of &. sariable obscuration component coutributed by the residual
branches and tree trunks. Maxiwmm values of 83 to 951 have beem observed
for both techniques, and the two methods may be considered fairly comparable
in rating effectivenesss of traatment.

Measuremsnts of target visibility cbtained by the horisontal visibility
technique raflect variations in combined foliar density amd obscuratiom to
vision offered by the matrix of steme and branches. In the jungle-type
vegetation of the test location, the reduction in horiscatal visibility
dus to obacuratiom by stems and branches places a variable msximumm 1limit
on visibility at the distances used in the svaluation techmique. This
obscuration component is comsiderably greater in magnitude tham that
encountered in the vertical-cbacuration technique and results in &
narrower range of values from msasurements before and after defolistion
treatment. In the dats snalysed, the extrems limits of horisocatal viei-~
bility at a distance of 10 to 20 msters were 10% before treatmsmt to 63%
under maximm defoliatica. Mesn pretrestment vieibility for 60 treatments
on the twe test sites was 24.6%.

Thus, improvemeat in visibility from defolistien trestmsmt falls within

& meve restricted range of absolute values tham 1is expressed by the other
two techniques. Assumiag aa {nitial visibilicy of 251 aad an upper limit

-
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of 75%, an oburnd target visibility rating of 607 would represent a net
!mprovemsnt of 35 ¢ 50 or 70%. Treatments rated effective by the visual-
estimate wethod (60 to 65% or more) had horisomtal visibility ratings of
45 to 507 at maximum effect (Table 12). .

Visual estimates of 60 to 651 or more over-all defoliation are com-
sidered effective in improvement of air-ground visibility. General observa-
tions of vegetation response to treatment throughout the forest profile of
Test Site I revealed that the upper or dominant canopy defoliated more
readii; than the intermediate tree and shrudb or ground cover layers. .
This gradation in response from the uppermost layer to the forest floor ’
was due to several factors including reduced spray deposit under heavy
canopies and to differential response of species to chemical treatment.
Assuming that the forest profile consisted of three strata, with one-third
of the foliage density contributed by the dominant canopy, an over-all
estimate of 65% defoliation generally represented an upper canopy defolias- -
tion of 80 to 85%. This degree of defoliation would greatly improve air- )

ground visibility.

C. TNTERPOLATION OF RESULTS

The information and experience gained in this test program should be
of value in application to other t.opical areas such as those in the
Republic of Viet Nam. The gensral correspondence in the two areas in
vegetation type, climate, soils, and terrain indicates that similar
defoliation response should be obtained in the two locations. Both areas
are characterised by a tropical evergreen forest with a monsocon climate
resulting in a pronounced seasonal separation into & rainy season and a
dry season. Close similarities in vegetational composition have been P
noted with many identical species and & large number of identical geners
occurring in both locatioma.

The two test sites are representative of the range of vegetatiocoal
conditions in large portions of Southeast Asia. Vast areas of relatively
undisturbed jungle or tropical evergreen forest with its multi-layered
struct ivre are exemplified by Test Site I. The secondary forest and demse
shrub growth of Test Site II are charactaristic of the vegetational trends
common throughout tropical areas following partial clesaring and shifting
cultivation.

Although the selsction of the test location in one of the drier por-
tions of the tropical forest ares of Theiland wvas governed largely by its
availability for the test program, it is believed that the choice was &
fortunate one i{n presenting the more difficult vegstation situations in
which defolistion might be utilised. BEecsuse of the axtremsly promounced .
sesscual trends of the test locaticn, maximum defoliation responses were
consistently cbtained during the fsvorable soil-mcisture conditions of

Moy ¥’ i Rl i
-~
I

\
\
'
i
1
le
'
-
L e
-, JE '
. 0N BT :
- w . :. PN
. IR NN



- aagracar g we oy TR

T e e e R A T el R AN LR Ty

113

the rainy season. Interpolation of the results of these tests to other
aress with a more favorable moisture regime would indicate that chemical
defoliation treatment should be equally or more effective than at the

test location. It is believed that many of the drought-resistant species
of the dry mixed-evergreen forest such as bamboo and Strablus are relatively
resistant to defoliation treatments. Thus, the extrems conditions of the
test location would lead to recommended treatmants that should provide an
ample safety factor wvhen applied to other more favorable aress.

The spray-distribution equipment and the restricted application
conditions of the test program differ slightly from the procedures used
in an operational program. The refinements of the research test program
with relatively small test plots required careful control of spray drift
to permit valid comparisons of adjacent test plots. Applications were
made at & relatively lov flying height above the forest canopy to secure
uniform spray deposition on a relatively narrow swath width, It is
believed that these differences in operational procedure are not suffi-

cient to influance the projection of the test program results for large-
scale requirements.

et am _
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XLL. CONCLUSIONS AND RECOMMENDATIONS

The following general conclusions are drawn from the results of the test
program on the basis of evaluations completed through August 1965. Minimum
effective defoliation {s considered to be 60 to 65% based on visual estimates
and vertical obscuratior technique. A synopsis of use recommendations from
this information is shown in Table 13.

1) Purple, Orange, Pink, Dinoxol, and Tordon were effective herbi-
cides for long-term defoliation. Dicamba gave marginal but generally
ineffective defoliation.

2) Cacodylic acid and diquat were effective desiccants for fast,
short-tera defoliationm. ”

3) Merphos or Folex, Endothsll, tributyl phosphate, butyne diol, and
amitrole were ineffective as defoliants. ‘

4) Orange was equivalent to Purple in defoliation effectiveness.
Rates specified for Purple are applicable to Orange on the basis of short-
term observations.

5) Minimum effective rate of Purple and Orangs * is 2.0 gal/acre of
total esters (15 1lb/acre acid equivalent) applied duri,« ™% rainy or growing
season. Applications at this rate were effective in both dense forest with
multiple canopies and secondiry forest and shrub with a single canopy.
Defoliation was effective for 4 to 6 months aftar treatment.

6) Applications of Purple and Orange at 1.5 gal/acre (10 1lb/acre
acid equivalent) were effective during the rainy season i{n secondary forest
and shrub with light to moderate cover.

7) Applications of Purple and Orange at 2.5 to 3.0 gal/acre gave
waximum defoliation in vegetation types ranging from ligat to dense cover.
At 3.0 gal/acre effective defoliation was obtaired for 6 to 9 or more months
&{ter treatment.

8) Applications of Purple, Orange, and other growth-regulator herbi-
cides were less effective during the dry season than vhen made during the
growing seasom. Applications of these chemicals should generally be restricted
to the rainy season wvhen soil moisture is available for growth and tc the
woath immediately preceding the rainy season.

9) Pink gave effective defoliation at slightly lower rates than
Purple or Orange. Applications of Pink at 2.0 gal/acre during the rainy
season gave effective defoliation for 8 to 9 wmonths.

e .
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10) Minimrm effective dosage of Pink appeared to be 1.0 to 1.25
gnl/acre (8 to 10 lb/acre).

11) Diroxol, a commercial formulation containing low-volatile esters
of 2,4-D and 2,4,5-T, gave slightly superiovr defoliation response than
Purple in limited trials. Additional comparative tests with Orange or
Purple are needed to substentiate these results,

12) Cacodylic acid or sodium cacodylate applied in water solutions
at rates of 5 to 6 lb/acre gave effective desiccation and defoliation of

undisturbed forest and secondary forest and shrub vegetstion. Maximum defolia-

tion occurred 2 to 4 weeks after application. Treatments were equally effec~
tive during rainy and dry seasons.

13) Cacodylic acid applied at 6.7 lb/acre gave defoliation response
equivalent to Purple or Orange at 15 lb/acre acid equivalent.

14) Diquat was equivalent in defoliation response to cacodylic acid
or sodium cacodylate but was effective only during the growing season. Rates
of 3 to 5 lb/acre were required for effective defoliation.

15) Dicamba gave minimal effective defoliation when applied at rates
up to 15 1b/acre. The chemical was inferior to Purple, Orange, and Pink for
long-term defoliation, ‘

16) Limited tests showed that Tordon applied singly or in mixtures
with 2,4-D, diquat, and Orange waa highly effective on a per-pound basis
but generally slower than Purple or Orange in defoliation response. Effec-
tive defoliation was obtained with Tordon in mixtures at rates of 1 to 3
lb/acre. Additional tests are needed to confirm these results.

17) Dry-season ipplication of Tordon was marginally effective but
showed an increase fin effect at the end of 5 months.

18) All effective desiccants and herbicides gave a higher degree and
a longer duration of defoliation with increased rate of applicatiom.

19) Defoliation responses from Purple, Orange, and Pink were {nflu-
enced r re by rate of application than by the volume of spray solution
applied. Comparative treatments of these chemicals at 1 gal/acre of pure
chemical with 2 gal/acre of a 1:1 mixture with diesel fuel showed no signifi-
caat difference in defoliation response at the higher volume. The same
amount of Pink applied in 2 gal/acre vs. b gal/acre of spray solution gave
no difference in defolistion response.

20) Minimal volume of 1.5 gal/a:re is recommended for applications
of Purple, Orange, and other oil-soluble herbicides to secure effective
spray coverage and penetration.
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21) Ve sr-soluble chemicals such &8s cacodylic acid or diquat require
8 uiniw:a volume of 2.5 to 3.0 gal/acre to achieve dasired levels of spray
deposit for effective ceverage and penetration.

22) Optimum droplet sizes for rapid fallout and “est penetration of
vegetation canopy vere in the range of 275 to 350 microns M for aserial
spray application of Purple, Orange, and other defoliation chemicals.

23) Dry-season applications of Purple, Orsnge, and Pink at relatively
high rates (2.5 to 3.0 gal/acre) gave apparently effective defolistion in
light to moderate vegetation cover of secondary forest ar- shrub, Natural
defoliation during the dry season contributed in varying 'ree¢ to the high
evaluation ratings obtained., Dry-season applications were ™nerally not
effective in the dense forest type characterized by a emall .mount of
natural seasonal defoliation.

24) Consistent differences in defoliatfon erfectivenesss vere obtained
on the two test sites characteriszed by (1) dense, semi-svergreen fcrest with
a multiple canopy, and (ii) secondary forest and shrub with a single canopy.
The more effective ratings obtained on the secondary forest type were
attributed to the greater ease of spray penetration and to a higher propor-
tion of plant species susceptible to chemical defoliation.

25) In dense foredt vegetation wich multiple canopy, the highest
degree of defoliation from effective chemicals occurred in the upper or
dominant canopy. Ground cover and shrud layers showed the least defoliationm.

26) Complete defoliation of all vegetation components was not
obtained with any of the chemicals tested in single applications. Maximm
defoliation wvas assessed at 85 to 90%.

27) Marked differences in defoliation response to any chemical
treatment occurred within the species composition of any layer of the
forest vegetstion. Soms species defoliated completely; others showed
little or no effect,

28) The duration of maximum defolfation effectiveness was governed
by several factors, chief of which were: (1) amount and rate of regrowth
of treated vegetation following defoliation, and (ii) amount and growth
rate of wveedy plants, vines, and other replacement vegestation following
defoliation,

29) To prolong the duration of effective defoliation and to secure
more effective spray penetration and defoliation of dense forest type with
multiple canopy, repeat applicatioms of Purple, Orangs, cacodylic acid or
other effective chemicals may be used. Results of limited tests of repeat
applications in the current program will be evaluated in the final report.
Suggested minimal intervals for repeat applications for incressed effec-

.tiveness and duration are: (i) 2 to 4 weeks after initial application of
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cacodylic acid; and (11) 2 wonths after initial application of Purpls,
Orange, and ether growth-regulator herbicides.

30) Visual estimates of defoliation were closely comparable to
quantitative msasurements ocbtained by the canopy obscuration technique

employing vertical photographs.

31) Horizontal visibility msasuremsnts gave lower defoliation
values than visual estimates or the vertical obscuration techniqus.
Changes in horisontal visibility dus to chemical treatment were dependent
primaerily on the degree of defolistion sustained by the shrub vegetatiom
layer.

32) The results of the defolistion test program are gsnerally
applicable to the Republic of Viet Nam and adjoining areas of Southeast
Asia.

It s recommended that additional field tests and studies on chemical
defolfation be conducted in Thailand oz similar tropical arsas to meet the
following objectives and requirements: '

1) Evaluation of Orange and cacodylic acid or sodium cacodylate in
several vegetation types including tropical evergreen rain forest, hill
evergreen forest, secondary forest and shrub with high densities of tropi-
cal grasses such as eslephant grass, cogon grass, and bamboo-Jdominated areas.

2) Evalustion of Pink, Tordon, and other herbicides in comparisom
with Crange and cacodylic acid in several vegetation types. ‘

3) Bvaluation of chemical mixtures including Orange and Tordom
and other chemicals to secure enhancement of defoliation response and s
broader spectrum of species subject to defoliation and topkill.

4) Evalustion of repeat treatments with Orange, ucbdyuc acid,
and other chemicals to secure prolonged defoliation in vegetation types
or under conditions in which regrowth occurs from single applications.

. 5) Evaluation of soil sterilants, herbicides, and desiccants for
complete vegetation control of woody and grass vegetation in proximity
to military encampments, boundary szones, transportation routes, etc.

6) Improvement of evaluation techniques including the development
of a simpler system of horizontal visibility measurement than the "dot-
count" method and in the refinement and simplification of the vertical
photography technique.

Such programs should be conducted in areas such as Thailand wvhere
logistic support and interdisciplinary rcientific cooperation may be
obtained.
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- APPENDIX A

CHEMICALS USED IN TEST PROGRAM

A. HERBICIDES

1.

2.

Purple
a. Chemical Name
Mixture consisting of
SO% n-bt 'yl ester of 2,4-dichlorophenoxyacetic acid

307 n-butyl ester of 2,4,5-trichlorophenaxyacetic acid
20% iso-butyl ester of 2,4,5-trichlorophenoxyacetic acid.

b. Physical and Chemical Properties
Liquid, soluble in diesel fuel,
¢. Active Ingredient Content

98 to 100% active ingredient as total ester.
8.6 1b/gal acid equivalent.

d. Total Amount and Cost of Chemical

. 6000 gal; $6,.350/gal; $39,000 total cost.
Orange
&, Chemical Name

Mixture consisting of

50% n-butyl ester of 2,4-dichlorophencxyacetic acid
50% n-butyl ester of 2,4,5-trichlorophenoxyacetic acid.

b. Physical and Chemical Properties
Liquid, solubls in diesel fuel.
¢. Active Ingredient Content

98% to 100% active ingredient as total ester.
8.6 1b/gal acid equivalenmt.
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d. Total Amount and Cost of Chemical
825 gal; $7.00/gal; $5775 total cost.
3. Pink
a. Chemical Name
Mixture consisting of

60% n-butyl ester and 40% iso-butyl estet of 2,4,5-
trichlorophenoxyacetic acid.

b, Phyucai and Chemical Properties
liquid, soluble in diesel fuel.
¢, Active Ingredient Content

98 to 100% active ingredient as total ester.
. 8-9 1b/gal acid equivalent.

d. Total Amount and Cost of Chemical
3800, gal; $10.00/gal; $38,000 total cost.
4, Dinoxol
8. Chemical Name
Commercial formulation consisting of
31.6% butaxy ethanol ester of 2,4-dichlorophenoxyacetic acid.
30.3% ::::y sthanol aster of 2,4,5-trichlorophenoxyacetic
b. Physical and Chemical Properties
Liquid, soluble in diesel fuel.
¢. Active Ingredient Content
2 1b/gal of 2,4-D; 2 1b/gal of 2,4,5-T acid equivalent.
d. Total Amount and Cost of Chemical

275 gal; experimental material donated by American Cheaical
Products, Inc., Asbler, Pennsylvania,
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S. Dicamba

Chemical Nams

2-msthoxy-),6~dichlorobensoic acid (availadble as pure acid and

dimethylanine salt).

b,

d.

Physical and Chemical Properties

Acid {s a solid, soluble in butamol.
Amine formulated as & liquid, soluble in water.

Active Ingredient Contant

Acid—95 to 100% active ingredient,
Amine=—6 lb/gal active ingredient.

Total Amount and Cost of Chemical

Acid=2000 1b; $4.50/1b; $9000 total cost
Amine-~=240 gal; $27.50/gal; $6000 total cost

6. Tordon

a.

b.

wvater,

d.

Chemical Name

4-amino-3,S,6-trichloropicolinic acid; picloram
Formulated as potassium salt and amine (experimental).

Physical and Chemical Properties

Potassium salt and amine formulated in liquid, miscible with

Active Ingredisnt Content

2,0 1b/gal as potassium salt (Tordom 22K).
3.0 1b/gal in experimental amine formulatiom,

Total Amount and Cost of Chemical

Amine=—40 gal; experimental mater{al donated by Dow Chemical

Co., Midland, Michigan.

Potassium salt—35 gal; experimental material donated by Dow

Chemical Co., Midland, Michigan.

123
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B. DESICCANTS AND DEFOLIANTS

1. Cacodylic Acid and Sodium Cacodylate

8. Chemical Name
Dimethyl arsinic acid.
Sodium salt of dimethyl arsinic acid.
b. Physical and Cheaical Properties
White powder, soluble 'in water.
¢. Active Ingredient Content
Cacodylic acid, 65% active ingredient,
Sod{um cacodylate, 70% active ingredient.
d. Total Amount and Cost of Chemical
Cacodylic scid=1600 1b; $1.75/1b; $2800 total cost.
Sodium cacodylate=—800 1b; $1.85/1b; $1480 total cost.
2. Diquat
a4, Chemical Name
1:1'-ethylene-2:2'-dipyridylium dibromide.
b, Physical and Chc-;cal Properties
Liquid formulation, soluble tn water.
c. Active Ins;cdint Content
2 1b/gal of cation (bromide).
d. Total Amount and Cost of Chemical

720 gal; $20.85/gal; $15,012 total cost.

3. Endothall Acid lnd' Salt

Themical Name

3,6<sndoxohexahydrophthalic acid.
Disodium 3, 6-endoxohexahydrophthalate.

(|
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4.

3.

b,

C.

d.

Physical and Chemical Properties

Acid—=golid, soluble in dimethylformamide--water emulsiom.

Salt=—1liquid, soluble in water.
Active Ingredient Content

Acid=-100% active ingredient.
Salt=1,8 1b/gal active ingredient.

Total Amount and Cost of Chemical

Acid==112% 1b; $3.60/1b; 840350 total cost,
Salt==300 gal; $5.70/gal; $1710 total cost,

Merphos and Yolex

C.

d.

Chemical Name ‘
Tributyl phosphorotrithioite
Physical and Chemical Properties

Merphos—1iquid, oil-soluble formulatiom.
Folex—1iquid, miscible with water or diesel fuel.

Active Ingredient Content

Merphos=7.2 1b/gal active ingredient.
Yolex—6.0 1b/gal active ingredient.

Total Amount and Cost of Cheaical

Merphos—13735 gal; $7.60/gal; $10,450 total cost.
Polex==330 gal; $5.32/gal; $1920 total cost.

Amitrole

b.

Chemical Mame
3-amino-1,2,A-triazole

Physical and Chemical Properties
Crystalline solid, eolubla ia water.
Active Ingredient Counteat

80% active ingredient.

123
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6‘

7.

d.

Total Amount and Cost of Chemical

1200 1b; $2.65/1b; $3180 total cost.

Butyne Diol

b.

d.

Chemical Name

2-butyne-1,4-diol

Physical and Chemical Properties
Solid, soluble in vntcr.‘

Active Ingredient Content

95% active ingredient.

Total Amount and Cost of Chemical
2760 1b; $0.§0/1b; $1656 total cost.

Trilutyl Phosphate

b.

€.

d.

Chemical Name
Tributyl phosphats.
Physical and Chemical Properties

Liquid, soluble in diesel fuel.

‘Active Ingredient Content

8 1b/gal of active ingrediemt.
Total Amount and Cost of Chemical
4000 1b; $0.60/1b; $2400 total cost.
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APPENDIX B
SPECIFICATIONS OF AERIAL SPRAY DISTRIBUTION SYSTEM

A, TAX

A capacity of 180 gallons, box-shaped with rectangular sides, stainless
steal; with internal baffle plates, lk-inch irlet at base of tank connected
through a line filter to quick-connect coupling on external fuselage, addi-
tional 3-inch tank inlet at top of tank, and li-inch air vent and overflow
tube with outlet at bottom of fuselage. Equipped with external sight gauge
calibrated in S-gallon increments mounted on tank and liquidometer with
gsuge for indicating level in pilot compartment.

8. PUAP

Air-driven, AGAVENCO Model 6100 B 5, with five-bladed propeller,
variable pitch blades, 24-inch suction intake and 2-inch outlet connec-
tions. Eauipped with brake operated from pilot compartment for comntrol
during flight.

C. BOOM AND NOZZLE ASSEMBLY

Two 20-foot, aluminum, streamlined, Sorenson li-inch booms mounted
below wings forward of flaps. Tapped on trailing edge and bottom at 6~
inch spacings for k-inch noszles. Hose connections Teflon-lined on
2-inch pipes to tank, pump. and bypass.

D. NOZZLES

One~-quarter-inch, brass, diaphragm jet (TEEJET No. A4664), with disc-
typea orifice and core, fitted with 50- or 100-mesh strainers.

E. CONTROLS

Control lever for boom system mwounted at pilot compartment bulkhead.
Positive taree-way cutoff valve with suction pressure on boom {1 off
position to prevent noszzle dri,. Pressure regulation by gate valve on
line from pump to boom, pressure gauge mounted om cockpit {nstrument panel.
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F. BOOM AND NOZZLE CONFIGURATIONS USED IN TEST PROGRAM
1. 2 April to 12 May 1964
. & Boom

Twenty feet léng, under wings only, mounted 10 to 16 inches
below lower wing surface, taps for nozzles on lower surface.

b. Nozzle Placement, Mumber, Spacing, Direction, and Orifice

‘ Inboird, 16 to 20 at 6-inch spacing, 90 degrees, Dy and/or
Do orifice. ' _

2. 12 May to 15 June 1964
4. Boom
Wing booms connected into single boom, 32 feet lohg, with
nozzle positions under fuselage, mounted 23 inches below bottom of fuselage
and lower wing surfaces, noszle tzp openings on upper surface to eliminate
sediment accumulation.

b. Nozzle Placement, Number, Spacing, Direction, and Orifice
(From center of fuselage to wing tip)

Under fuselage, five at 3-inch spacing, 45 degrees, Dig orifics.

Lateral to fuselage, four at b-hch'lpactng, 45 degrees,
Dy, orifice. :

Inboard, 12 or 13 at 6-inch spacing, 90 degrees; Dyqg orifice.
Outboard, two at 18-inch lpa'gin;, 90 degrees, Dg orifice.
Boom tip, one, 45 degrees, Dg orifice.
3. 15 June 1964 to 18 March 1965
a. Boom
Same as 2, .

b, Noszle Placement, Mumber, Spacing, Direction, and Orifice
(From center of fuselage to wing tip)

Under fuselage, five at 3-inch spacing, 45 degress, k-inch
orifice.

g
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.Lateral to fuselage, four at 4-inch spacing, 45 degrees,
k-inch orifice.

Inboard, six at 6-inch spacing, 90 degrees, k-inch orifice.

Outboard, one Dy crifice, two Dg orlfic., one Dg orifice a:
six-inch spacing, 90 degrees.

Boom tip, one, 45 degrees, Dg orifice.
4, 18 March to 4 June 1965
a. Boom
Same as 2, a.

b, Nozzle Placement, Number, Spacing, Direction, and Orifice
(Fron center of fuselage to wing tip)

Under fuselage, three or four, at 3-inch spacing, 45 degrees,
Dy¢ orifice.

Lateral to fuselage, three or four at 4-inch spacing, 45
degrees, Djys, orifice.

Inboard, six at 12-inch spacing, 90 degress, Do orifice.
Outboard, three at 18-inch spacing, 90 degrees, Dg orifice.
Outboard, one at 24-inch spacing, 90 degrees, D¢ orifice.
Boom tip, ons, 45 degrees, Dg orifice.

S T NN
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APPENDIX C
DETERMINATION OF SPRAY DEPOSIT VOLUME, SWATH WIDTH, AND DROPLEYT SIZE

Characteristics of spray deposition including mass deposit, swath width,
and percentage recovery of delivered spray volumes were obtained from grid
calibration flights accompanying each treatment. The wet~plate method was
used in calibrations; mass deposit values were obtained by colorimetric
analysis based on a dye added to the spray solution. Droplet size as mass
median diameter was obtained from Kromecote cards in matching series with

the wet-plate samples.

. DuPont 01l Red dye was used in spray mixes with Purple and other oil-
soluble chemicals. Rhodamine Blue and Acid Orange dyes were used in water
solutions of chemicals. Dye concentration was 0,.1% by weight in the spray
mixtures or 4 grams per gallon. DuPont 0il Red gave an absorbance peak of
515 millimicrons om the spectrophotomster.¥

A. MASS DEPOSIT

Measurement of mass deposit at each sampling station on a grid line
involved the use of the wet-plate technique with 6~ by 6-inch sample .
plates of aluminum or stainless steel, Matching Kromecote card samples
vere examined to determine the limits of swath deposit. The wet-plate
colorimetric analysis was performsd only on this series of station
samples plus an extra one at each end.

Bach wet plate and its protection cover plate were placed on s rack
designed to permit simultaneous washing of the two plates and the collec-
tion of washings {n & single 25-ml volumetric flask. The solvents used
were acetone for oil-soluble chemicals and water for water-soluble chemicals.
The rinsings were brought up to uniform volume with additional solvent,

A calibration curve was prepared from duplicate samples of the
original spray mixture taken after the day's flight. The dilution
scheme for the calibration samples is showm in the diagram:

#* Beyer, L.W.; Brown, J.W. 1964. Calibration of spray systems C-~123/MC-1,
H-34/HIDAL, A-1H/FIDAL, (Technical Report 46). (Sponsored by Advanced
Research Projects Agency, Project Agile, ARPA Order 256). Crops
Division, U.S. Army Biclegical Laboratories, Port Detrick, Maryland.
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tank sample, 1 tank sample, 2
5.0-m). 5.0-ml
aliquot aliquot

10.0 ml

2.5-ml aliquot + solvent

50.0-ml ‘
/T volumetric fln‘uk \
0.|5 ml 1.0 ml 1.5 ml 2.? ml
4+ solvent 4+ solvent + solvent + solvent
25.0-ml 25.0-ml1 25.0-ml 25.0-m1

vol. flask vol., flask vol., flask . vol. flask

A cuvette of the colorimeter was then filled from each of the fcur flasks
and ihe respective transmittances were measured. The readings viare plotted
on a graph of percentage transmittance against gallons of spray volume per
acre,

The standardization of the Bausch and Lomb Model 20 spectrophotometer
used in these determinations was checked at intervals as a precaution
against electrical drift due to surges in line voltage.

Following calibration of the colorimeter to the day's spray mix, the
samples from the grid deposit plates were transferred directly from the

- volumetric flasks to cuvettes and tested twice for transmittance. The

data for each series of samples were recorded cn SMUYD Porm 546 (Temp)
(9 Apr 63). Each datum was then converted from percentage transmittance
to estimsced deposit in gallons per acre from the calibration curve and
recorded on SMUFD Form 547 (Temp) (9 April 1963).

The mass deposit data were then plotted graphically on SMUFD Porm 634
(Test) (Dec 63) and the points connected to form a contour curve Jepicting
the deposit pattern.
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RAW DATA SHEET

Date_ 24 Feb 1965 Spee, 20
Material_j:] pyrole Spec. Oper, NA
Flight 1 Standaid 238 10
Sample Line B Fade Loss
Sta | % Transmittancd Avg [Sta |% Transmittance Avg [Sta | % Transmittance |Avg
1 %) 63 ] 63 62
2 35| 8o | 8o 68
3 36| 89 89 50
4 n 89 89 70
5 k1] 94 94 71
6 39 96 96 72
7 40| 97 | 97 73
() sl 99| 99 7%
9 42 99 99 75
110 3] 98| 98 76
11 b4 98 98 77
12 4%} 100 { 100 78
k] 46 | 100 | 100 79
14 47 | 100} 100 ‘| 80
15 48 | 100 | 100 81
16 _| 100 | 100 49 ' 82
17 ! 99 | 99 50 83
18 99 99 81 ‘ 84
19 93 93 $2 85
20 | 92 | 92 33 86
21 | o 9% S4 8?7
22 89 e2 [} ] 88
23 | g5 { 85 36 89
24 83 | 83 57 90
25 | 701 70 58 91
26 71 71 59 92
27 76 76 60 93
28 | 721 72 61 94
2 L s2 L 62 | 621 2
0 | 68 ] 68 63 96 1
Nl 221 12 (1) 92
132 1 61 1 61 (1] 98
33 99
P

SMUFD Torm 546 (Temp) (9 Asr 63)
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MASS DEPOSIT

Material _ 1.] purple Airspeed 100 xnots

Date 24 Feb 1965 Altitude 30 ft
Flight 1 Swath Width
Sample Line B Aircraft Course 120
Time of Release 0641 Wind Vector 0.0/SE :
Duration 7.0 Spec. 20 |
Flow Rate__ cgc pM @ 58 pST Spec. Oper, Kha : ) '
St GPA St GPA St GPA St GPA
1 26 2,30 51 16
2 27 1.85 52 17
3 28 2,20 53 78
4 29 1.75 s4 29
L3 30 3.20 33 80
6 31 | 2.60 56 81
7 2 | 2.2 51 82 j
8 33 3.30 58 83
9 3.20 59 84
10 19 1.50 &80 85
11 3¢ 0.80 61 86
12 37 0.80 62 _8
13 as 0.42 63 88
14 39 0.30 64 89
13 40 | 0,20 65 90
16 0,00 | 41 0.08 66 91
17 0,08 LY 0,08 67 _ 92
18 0.08 43 0.13 68 93
19 0,50 &4 0.15 69 94
20 0.55 43 0.00 10 98
21 0.42 46 0.0 1 9
22 0.80 47 72 97
29 1.10 48 73 98
2 1.25 A9 74 29 -
25 2.40 30 73 100
Total Depoaits 25.26 .

Percent Recoverys M;’;—zi - 85.4%

SMUFD FORM 847 (Temp)
(0 April 1043)

R S
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B. SWATH WIDTH

Swath width was determin:’ most accurately from direct inwind releaces
under inversion conditions with the aircraft cruising the grid sampling
line at right angles. In the initial phases of the test program in which
separate wing booms were employed, the deposit patterns were expressed as
a bimodal curve. After modification of the boom system to provide under-
fuselage nozzles, triangular or trapczoidal deposit patterns were obtained.
Spray applications from a height of 35 feet resulted in a swath width of
approximately 100 feat,

The graphs of mass deposit (SMUFD Form 634-Dec 63) were used to deter-
mine swath width at any desired deposit level.

C. PRRCENTAGE RECOVERY

Percentage recovery represents the relationship between the amount of
spray material released from the aircraft and the amount actually deposited
on the ground at the sample line less the amount loet due to drift and
evaporation. :

The following information was required for determination of percentage
recovery:

a) Total deposit in gallons per acre on all sampling stations
*b) Interval or distance in feet between sampling stations
¢) Air speed in statute miles per hour
d) Plow rate in gallons per minute
e) Constant, 0,202, representing the portion of an acre covered in
1 minute at 1 mph for a swath width of 1 ft.

Percentage recovery was calculated by the following equation:

0.202 otal deposit nterval eed
Percentage recovery = Flow rate
For each treatment a summation report was prepared based on all grid
flights for a given treatment. This report included calculations of the
following: .

a) Average percentage recovery of all grid flights

b) Gallons per acre delivered from the plane system

¢) Gallons per acre deposited on a 300-ft swath based on delivered
volume x average percentage recovery

d) Gallons per acre deposited on a 300~ft swath based on average mass
deposit volumes of a 150-ft swath less the average deposit
volumes of the swath extremities (tails) outside the 300-ft swath
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e) Percentage recovery of the 300-ft swath width
f) Percentage loss outside of the 300~-ft swath

g8) Total percentage rscovery
h) Pounds per acre of acid equivalent or active ingredient.

SUMMATION REPORT

DATE
MATERTAL
TREATMENT NO.
PLOT 1

PLOT 2

Calculations

SUBJECT
1. Average % Recovery

Sum of Total 7 Recoveries

No. of Recoveries

2. GPA Delivered from Plane

Flow Rate in GPA

23 Acres/Minute

3. Calculated GPA for 300-ft Swath
GPA from Plane x Average % Recovery

4. GPA Calculated from 300-ft Swath -
Averunge Total osit of 150-ft Swath) -~ Sum of Average Two Tails

30

5. % Racovery Calculated from 300-ft Swath

GPA of Swath Path .

Calculated GPA of Plane

6. 7 Lost outsiie 300-ft Swath

Sum of Average Two Tails
Sum of Average Two Tails + Sum of Average Swath

| 7. Total Recovery

% Lost outside Swath + Recovery from 300-ft Swath

8. Acid Equivalent Per Acre
GPA x Acid Equiv, = AEQPA

ML e M N s As e < i

ey
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D. MASS MEDIAN DIAMETER OF SPRAY DROPLETS

The droplet characteristics of the chemical mixtures used in the test
program were determined by the maximum diameter (D-max.) nethod developed
by Maksymiuk of the U.S. Forest Service Forest Ingect Latoratory at
Beltsville.* This method provides rapid and fairly accurate estimat{on
of mass median diameter (MMD) from measurements of the Jargest drops i{n
the completae droplet spectrum. Droplet diameters to th2 nearest 100
microns werc made of the largest droplets impinged on the Kromecote cards
used in the 3rid calibration flights., Diameter of the largest droplet in
a geries of .0 to 15 observarions was used as spot D-max.

The spherical drop D-max. was obtaiued by dividing the spot D-max.
by a calculated spread factor. The spread factor is a constant that

relates the final spot size on the Kromecote card with the s{ze of the

original droplet:

Spherical Drop D-mux, = Spot D-max,
Spread Factor

Spread Factor = Final Spot Diameter
Spherical Drop Diameter

The spread factors for the ofl-scluble materials ranged from 5.608 to
6.441, and for water-soluble chemicals from 1.70 to 3.00,%%,%kk

. Estimated mass median diameters were obtained from spherical drop
D-max. using a conversion factor derived empirically by Maksymiuk based
on the aircraft speed. The conversion factor varies from 2.2 for slow
speeds (80 mph or more) to 2.5 for high-speed delivery systems (150 to
180 mph). The following formulas were used to determine mass median
diameter:

Zstimated MMD = SPherical Drop D-max.

Conversion Factor

ot D-max.
Estinated MO = oo RoL B

* Brown, J.W.; Whittam, D. July 1962. Modification and calibration st
defoliation equipment (C-123 First Modification) (A joint report by
personnal of U.S. Department of Agriculture, U.S. Air Porce, and U.S.
Army Chemical Corps of work performed under OSD/ARPA Order 256, Amend-
ment 4) Crops Division, U.S. Army Biological Laboratories, Fort Detrick,
Maryland,

** Wolf, W.R. 1962, Report to Crops Division on spread factor calibration
studies of Eglin A.F.B. test agent samples and OCONUS agent samples.
Physical Sciences Division, U.S. Army Biological Laboratories, Frederick,
Maryland.

*k Wolf, W.R. 1964. Spread factor calibration study of oil-soluble
defoliants, fuel oil and water-soluble defoliants on Kromecote cards,
(Unpublished Report). Physical Sciences Division, U.S. Army Biological
Laboratories, Fort Detrick, Maryland. 154 p.
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APPENDIX D
IN-FLIOHT DATA FORM

Treatment No, ZZ Date
/’ 27: 5

Treatment /7 ?ﬂ(é - ,& LML( 2.2 GPA
Tate Volume (Gal/Acre)
Plot Numbers 0(&(-60) : 355-43

Tank Readings (in gallons)

Initial gal. d4n tank __ /20 Final in-flight reading _ JI§
Initial ground reading_ & ‘
Final ground reading __ 3¢

Initial in-flight reading_//s'

Anor pressure regulation /na Amount removed from tenk If*
Plot Amnution Disgrans _

Plot Woo 22 clas P 8 PlotWoe o ol b 4

olxha) 1 1 1 2(ed) S

. } AR

o3y St
K ld’mto 4 86 ‘L J:“,l_‘

Orid and Plot Application Data

(il P Pt Pt At PPt s
Tire 06/6 | 062cl oets |osas loaatlosss |oasoooso louss
Speed (knots) 00 |s00] 700 | 100 L107] 168 | r02) 10/ | 102
ps1 28 125 |25 las 1271 3¢ 125125 |2
Duration (sec.) 0./ 181180 | 76 12/ 1 80 197129 |76
Gauge reading 98 190 | 723 | 6 199 ] 0o | ol g2 | 38
Delivered volume /Sl 1l 2 |8 leld 19__4 Z
_Direction of flight|E-N |EW |6-0 |SN |SH N-3 4 |sw

Remarks: JM/;“WWMM/AMMv
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APPCNDIX E

DESCRIPTION AND OPERATION OF OBSCURIMETER USED
IN VERTICAL PHOTOGRAPHY EVALUATION -

An obscurimeter or compositing densitometer was designed by Dr. G.B.
Truchelut of the U.S. Army Blological Laboratories for quantitative
measurements of canopy obscuration on negatives obtained in the vertical
photography technique. The instrument is shown {n Figure 1.

Tigure 1. The Obscurimester as Positioned for Eveluatisg 33 mm
Negatives of Vertical Photographe of the Uppar Camopy.
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A. BASIC PRINCIPLE

Fundamentally, the instrument consists of a light source with reflector,
condensing lenses, and heat-absorbing glass such that a uniform beanm of
parallel light rays approximately one inch in diameter is produced. This
bean is passed through the photographic image of the plot canopy being
measured; the transaitted light then impinges on a selenium photocell to
produce a current that is proportional to the ratio of light and dark areas
on the film. The current is measured by a milliammeter.

B. DESCRIPTION

The light source consists of a 100-watt 115-volt projection lamp wired
in series with a cylindrical wire-wound rheostat that can be adjusted to
regulate the light output. This adjustment is used in compensating for
variations in light absorption of the film base and emulsion due to storage
or processing. The light beam is collimsted by means of a spherical reflec-
tor behind the lamp in conjunction with condenser lenses between the lamp
snd the film. A glass hest (infrared) absorber i{s placed between the two
halves of the condenser system to protect the film from damage by these
wavelengths.

The film carrier or guide consists of a two-piece metal plate containing

s carefully machined slot to hold the f{lm strip in correct alignment with
the light beam and the photocell, and with a small clearance between emul-
sion side of the film and the plate so that the image {s not scratched or
damaged. Near one end of the plate a plastic film support is mounted on
‘the lamp housing. At the other end of the film guide is a sprocket-drive
vheel that moves the film the required distance for the examination of
successive frames, and this is followed by & second plastic film support.

The light-measuring device, s selenium photocell, 1s mounted in the
film guide plate {mmedistely behind the film. Extraneous light not passing
through the desired film ares is controlled by means of two diaphram plates
sach containing a circular aperture qf 22-mm diameter, which is equal to
the diameter of the circular area to be measured on each photograph.

The photocell is mounted on a sliding panel arrangement so that it can
be pulled out of the light path for visual inspection of the film frame
being measured.

Final link {n the msasurement chain is the millismmster that msasures
the current oulput of the photocell. This is calibrated from 0 to 100 in
intervals of two. It is read as percentage transaittance.

|
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One additional electrical circuit was installed as a modificatiom.
This produces a "bucking" current, or dark current, which permits adjust-
ing the meter to read zsero when & zero-transmittance reference frame is
placed in position. This circuit consists of a second photocell placed
near the light source and through a rheostat connected in reversa to the
milliamester. This circuit is needed because all zero transmittance
frames (open sky) caunot be made black enough to provide actual zero
transaittance without running into film overexposure troubles. There-
fore, the dark current circuit provides a means of zeroing the instrument
on the black sky frams, and at the same tims compensating for small varia-
tions in sky image density from one film strip to another.

A power supply voltage regulator is used in conjunction with the
obscurimeter to eliminate variations in light output due to line voltage
fluctuations,

C. CALIBRATION

Prior to its use in experimental evaluations, the instrument was
calibrated against a film strip made from a series of charts. These
charts consisted of segmented circles corresponding to the circular
field used in each canopy photograph. The circle areas were divided
radially into various ratios of black and white segments in 10% increments
from 0% black (all white) to 100% hlack. 1In addition, soms charts ware
made with the same area ratios but with different patterns. Following
msasuremants of transmittance of the film strip ,of the circular charts,

a calibration curve was drawn and used {n the evaluation of all plot
film strips.

D. OPERATION

The procedure in using the {nstrument to msasure obscuration is fairly
simple, The film strip {s inserted in the film-carrier slot from the left
ond with the emulsion side toward the operator and moved through far
enough for the perforations of the film to engage the film-drive aprocksts.
The film-~drive sprocket wheel is then adjusted so that the first frams to
be measured is exactly centered in the aperture, which can be done visually
with the photocell moved out of the way.

After adjustment of the drive sprocket, the film is turned to the
blank frame and the lamp circuit rheostat is adjusted so that the meter
reads 1007 transmittance. The film is then moved to the adjacent black~-
sky frame and the "dark current" is adjusted with potentiocmeter so that
the mater reads sero., The frames containing the camopy silhowattes are
read in succession without changing the adjustment settings. The values
of transmittance are recorded.

:
<
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